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A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 





Challenges 


HE challenges which the utilisation of water 
T and here we use the term in its broadest 

sense—offer to the engineer and the scientist are 
challenges that must be almost without parallel at 
the present time. 

Those who envisage the control of water resources 
on a grand scale (long before specific plans for the 
generation of electric power are formulated) must 
consider the weather conditions over wide territories, 
since problems of soil erosion and land reclamation 
would inevitably arise within a few years if this first 
challenge by nature were not met at the outset. The 
work of the Tennessee Valley Authority; p~ojects for 
harnessing the Nile waters; Indian schemes, such as 
the Damodar Valley, and others are planned with a 
view to providing irrigation, and with an eye on 
population problems in years to come. 

Reckless use of ground water supplies, which are 
copious at the start, may result in their being drained 
from the soil at too great a rate for replenishment by 
rain entering the land many miles away. This in turn 
might affect the runnings which should feed rivers 
and fit them for developing power by hydro-electric 
plant. 

Sedimentation offers severe problems which, if not 
solved, can cause great expense when reservoirs be- 
come choked, and floods result from the re-arrange- 
ment of river beds. The technique of sediment 
sampling and a greater understanding of the reasons 
which cause certain types of sediment to be carried 
in different directions, while others sink rapidly to 
the bottom of the reservoirs, or river, offer great 
scope for research. 

Information relating to the yield of riverways in 
relation to atmospheric and hydrological factors is 
vitally necessary for those whose minds run on large- 
scale plans for the economic utilisation of vast water- 
sheds. The errors of the past are often only too 
obvious when severe power shortages and restric- 
tions are imposed in areas where hydro-electric 
power is the only available source of energy. It is 
up to the scientists concerned with the correct inter- 
pretation of hydrologic data, to warn the planners of 
the likely occurrence of these drought cycles, and to 
Suggest means whereby interconnected watersheds 


power 
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and power systems might make the consumer inde- 
pendent of nature’s vagaries. 

We have referred in these columns to the lack of 
accurate statistics on potential water power re- 
sources in many parts of the world; it is surprising 
that, even in the most highly developed territories, 
very widely differing estimates are given; moreover, 
statistics for hydro-electric schemes frequently omit 
vital information, and present only a figure of kilo- 
watts or kilowatt hours which scarcely helps the 
power supply engineer who is looking for firm 
kilowatts. 

There is need for a central bureau to collect this 
data from reliable sources and in the greatest detail 
as it comes to light. One of its first services should 
be to provide a model form of statistical data 
presentation. 

Turning to the problems that are presented as 
challenges to those who have decided on the 
schemes they will adopt. It must be remembered 
that they are not the only users of the waterway. In 
Sweden, for instance, the problems of those who use 
the waterways to float logs for the important timber 
trade, have to be co-ordinated with those of the 
hydro-electric engineer. The recreational facilities 
which play an increasingly vital part in the national 
life of all industrialised countries, as mechanisation 
produces more leisure, must be looked into, and 
much can be done if the planners allow for use of 
the watershed, the reservoir, and other works, in 
a recreational manner when the first plans are made. 
Anything done afterwards may easily be much more 
costly, and is likely at best to be one of the nature 
of an improvisation. 

In the design of dams continual advances are be- 
ing made. The pre-stressing of concrete by steel 
braces has received attention, while the success of 
the relatively simple earth and rock fill dams, which 
have appeared in many parts of the world, has led 
to a revision of theories of soil mechanics, on which 
the designs of such dams are based. It may be that 
we shall see the increasing production of such dams 
as opposed to those of solid concrete or rock con- 
struction. Whatever the type of dam, continual re- 
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search is necessary; and is, in fact, being made into 
the cheapening and expediting of constructional 
methods. Standardisation of constructional plant so 
that the requisite number of complete and mobile 
units can be brought into play with the utmost 
rapidity, is a line of progress from which much is 
hoped, while the American systems of mass pro- 
ducing gravity dams are tending again towards speed 
and ease of construction, assisted, needless to say, 
by the intense mechanisation of all civil engineering 
processes. 

In the turbine field there are many challenges, 
among which may be mentioned the need for greater 
standardisation in designs and types of unit. The 
success of the Kaplan turbine with movable blades 
which can be utilised for variable heads with a high 
efficiency over a wide range, may well point the way 
to a more or less standard type of Kaplan for all 
heads of water. And further, such designs may be 
suitable for application to the special conditions of 
tidal schemes when the first of these come to fruition. 
Other problems for the turbine designers concern 
erosion, which still causes anxiety under certain con- 
ditions, and those associated with runaway speeds. 

Even when the energy from the water has been 
finally applied to the generator, there are still severe 
challenges which are being met in a resolute manner 
in many laboratories and research establishments 
throughout the world; among them are the prob- 
lems of long distance, high power transmission of 
power. The use of direct current has been widely 
canvassed, but with the exception of some tentative 
experiments in Germany and a small-scale plant in 
Sweden, no supply authority has yet committed itself 
to full-size trial of this system, which on paper 
appears to have certain economic advantages. With 
the existing A.C. transmission systems, the coupling 
of further hydro-electric stations in remote areas 
still presents severe problems of system stability, 
short circuit duty of circuit breakers, corona losses 
at extra high voltages, and the maintenance of power 
lines in desert or other inhospitable territories. 

Challenges! To the young man entering one of 
the professions on which hydro-electric engineering 
rests, such vision of hurdles to be o’er leapt and 
prizes to be won must be heartening indeed. 


Fourth World Power Conference 
London, 1950 


Princess ELIZABETH and the Duke of 
Edinburgh have given their patronage to the Fourth 
World Power Conference, which will be held in 
London from July 10-15 next year. Sir Harold Hartley 
will be the chairman, and the British National Com- 
mittee has already announced the titles of 23 papers 
which will be presented to the conference. The 
Ministry of Fuel and Power has promised a survey 
of the energy resources of the United Kingdom, and 
an historical record of the development of those re- 
sources and of prime-movers for utilizing them, 
covering the period since 1924. 

The hydro-electric developments in the Scottish 
Highlands will be discussed by Sir A. E. MacColl, the 
deputy chairman of the North of Scotland Hydro- 
Electric Board. A joint paper by Mr. T. G. N. Haldane 
and Mr. E. W. Golding (both of Merz and MacLellan) 
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on “ Large-scale Wind Power in Great Britain ” js 
likely to be of interest to our readers because it is, 
subject allied to water power. And we have no hej. 
tation in bringing notice to the paper on atomic fission, 
which will be contributed by Sir John Cockcrof, 
director of the Atomic Energy Research Establish. 
ment, Harwell, because of its ultimate effect on aj 
other forms of power generation. 


Rhodesian Projects 
Taking Shape 


A REPORT on the respective possibilities for hydro. 
electric power development of the Kariba and Kafue 
gorges in Southern Rhodesia is to be drawn up forth. 
with by a panel of civil and electrical consulting 
engineers following surveys of both the locations 
during the last few months. Sir William Halcrow, the 
British engineer who is a member of the panel, said 
in an interview that the Inter-Territorial Hydro. 
Electric Power Commission appointed by the Central 
African Council had collected information on_ the 
proposed schemes, and the Commission’s work had 
advanced to the stage at which the two groups of 
engineers could consider the next steps in the project, 
This would concern the selection of sites for the works, 
and the estimated cost and general economics of the 
schemes. Other members of the panel are Mr. H. J. F. 
Gourley, Mr. C. H. Pickworth and Mr. G. F. Kennedy, 
all of London. 

Sir William Halcrow said it appeared that Kariba 
would be a more suitable location for the proposed 
scheme than Kafue. Preliminary investigations showed 
that the potential output of Kariba Gorge was about 
800,000 kW against 250,000 kW from the Kafue 
Gorge. The immediate power demands of the 
Rhodesias are placed at about 400,000 kW. The 
capital cost of the Kariba scheme was likely to be 
heavy, but it was estimated that power would be 
available by about 1956. Kafue, he added, would 
probably be more suitable as an ancillary to Kariba. 


Colorado’s dual 
Scheme 


OnE of the major conservation and power projects 


of the United States, the “Colorado River—Big 
Thompson scheme,” as it is officially designated, is 
now rather more than half way to completion, 
according to latest advices from across the Atlantic. 
Under this scheme roughly 300,000 acre feet of water 
will pass each year through a thirteen-mile tunnel 
cut from granite foundations. The water will be used 
for irrigation in an area of approximately 1,000 
square miles, and about 250,000 h.p. developed in 
six power plants by the water in its 3,000 ft. fall is 
to be utilised to supplement rural electrification and 
for industrial development. 

The scheme provides for impounding the waters 
of the Colorade behind two dams below Grand Lake. 
The water will be pumped up 190 feet to the lake 
itself, then it will flow through a tunnel to the station 
on Big Thompson River. The scheme was interrupted 
by the war, but its importance to the economic life 
of the whole area can be appreciated from the ulti- 
mate estimated power output—1,200 million kWh 
yearly, or about a fifth of the power yield of the 
1949 
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Great Boulder Dam. Originally the cost was put at 
50 million dollars, but the changed circumstances of 
to-day indicate that the final figure may well be 
three times the estimated cost with a consequent 
increase in the rate for power supplied. 


Newfoundland’s Contribution 
to Canada 


Now that Newfoundland has been incorporated in 
the Dominion of Canada a considerable amount of 
water power, both developed and potential, is added 
to the total resources of the Dominion. In 1946/47 
the Government of Newfoundland initiated a survey 
of the country’s 700 rivers, and although the report of 
the Natural Resources Department is not complete 
the suggested available hydro power is reasonably 
estimated at between one and two million horse 
power. 

The largest power hydro stations in Newfoundland 
are those of Bowaters, and were installed for providing 
power for the company’s paper mills. Some 147,000 
h.p. exists in one plant at Deer Lake, while on the 
largest river in the country, the Exploits river, the 
Anglo-Newfoundland Development Company has two 
power stations at Bishop Falls and Grand Falls. There 
is also a further plant at Buchans, totalling 72,400 
h.p. Other plant in fourteen different locations brings 
the grand total of installed capacity to 259,550 h.p. 
This compares with figures of 200,000 h.p. developed 
in 1938 in eight plants; and in relation to Canada as 
a whole, it compares with 10,931,018 installed turbine 
h.p., on January 1, 1949. 

The configuration of the country is such that a 
considerable amount of storage capacity is available 
in the form of natural lakes, thus making Newfound- 
land’s water power resources even more valuable in 
relation to the development of firm kW. 


Hydro-Electric schemes 
in North Wales 


THE British Electricity Authority has announced 
the withdrawal of an application to the Minister of 
Fuel and Power for an authorisation in respect of 
the suggested extension of the catchment area for 
the Dolgarrog hydro-electric scheme in North Wales. 

While fully concerned to secure the preservation 
of other amenities as well as the provision of elec- 
tricity, the authority decided that, in view of the 
objections lodged against the Dolgarrog proposal, 
and of the objections of a somewhat similar nature 
which have appeared in the Press to other hydro- 
electric schemes now being investigated, it will not 
proceed with the Dolgarrog project as a separate 
matter. All the proposed schemes for hydro-electric 
development in North Wales will be considered col- 
lectively by parliamentary procedure. By this pro- 
cedure the authority desires to assure the fullest 
opportunity for detailed examination of its proposals 
together with due consideration of any objections 
which may be raised to them. 


Transmission Poles 
in Bog Shoes 


EvectrIciTy has been brought to Tomintoul, 
Banffshire, the highest village in the Scottish High- 
1949 


WATER POWER _  September-October 


lands, by the North of Scotland Hydro-Electric 
Board. 

To provide this supply the Board had to construct 
one of the highest distribution lines in Britain. This 
line is an extension from the existing 11 kV Ballin- 
dalloch-Minmore H.T. line in Glen Livet. It runs 
at this pressure to a point close to the village and 
is then transformed to 415/240 volts. The H.T. line 
is approximately 84 miles in length and had to be 
erected over moor, rock and peat, at an average 
height of 1,250 ft. To withstand the severe weather 
conditions which prevail in the area distribution 
poles had to be specially strengthened by additional 
side stays. Many of the poles also had to be fitted 
with bog shoes because of the nature of the ground. 
The work on the line and on the erection of the 
poles was carried out by Messrs. Balfour Beatty. 


Afghanistan 


WE hear that there are several projects for increas- 
ing the hydro-electric power resources of Afghanistan. 
Stations totalling nearly 14,000 kW output are planned 
for Mazar-i-Sharif, Herat, Kandahar, and Panjsher. 

Other comparatively recent developments include 
the Chakwardak power plant, which was commenced 
in 1936 and completed in 1941. The first concrete dam 
was 50 metres wide and 10 metres high; another dam 
150 metres wide by 15 metres high was constructed 
later to raise the water level. Water passes through 
these dams in a canal 4,510 metres long to the power 
station where a head of 27 metres is employed to drive 
three Francis type turbines made by the Fiat 
Company, which drive 1,400 kW 60 cycle alternators 
produced by Siemens. The output of this station is 
nine million units a year. At Pul-i-Khumri work was 
started the same year on a hydro-electric station to 
supply current for a textile factory. It was completed 
in 1942, again with Fiat-Siemens turbo-alternators, of 
which there are three with a total capacity of 4,800 
kW. 

Work is about to start on a new plant at Sarobi, 
situated between Jalalabad and Kabul. Here it is 
hoped that a maximum capacity of 24,000 kW will 
be available. 


A Small Project 
for St. Vincent 


IN the island of St. Vincent, British West Indies, 
there is a lively interest in the hydro-electric develop- 
ment. Mr. G. Roddam, M.LE.E., water engineer to 
the Windward Islands Government, in an exhaustive 
report on the possibility of hydro-electric develop- 
ment in the island, has proposed a scheme initially 
costing £40,000, which envisages the installation of 
two 18-inch “ Turgo ” impulse turbines direct coupled 
to two 275 kW alternators. The station would be on 
the Colonarie river with an intake at Silver Spoon 
Ford, and a power station at South Rivers Village. 
The normal working head would be 287 feet at 
the turbines. 

The principal industry of the island is the pro- 
cessing of arrowroot; it is thought that with plentiful 
electric power in relation to the size of the industry 
the increased mechanisation possible would greatly 
increase the output, and so contribute to the island’s 


prosperity. 
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Close-up of detail of “ Boving” twin-runner 9,000 
B.H.P. 333 R.P.M. impulse turbine at Maentwrog 
Power Station ( Wales) showing one of the jet assemblies, 
tip of needle valve, jet deflector and parts of the 22 
buckets on one of the two runners. An almost similar 
jet is fitted below the one shown; both jets impinge upon 
the same runner. When fully open about one ton of water 
per second passes through each jet. 
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Forecasting 


By Dr. J. KOPELIOWITCH, Haifa, Israel. The 

importance of advanced planning based on 

carefully evolved estimates is essential if water 

power plant extensions are to keep pace with the 
demand for electricity. 





En raison de l'accroissement continuel de la demande 
deélectricité le rythme de la production de la force 
hydraulique aurait peu de chance d’étre maintenir en 
proportion sans des plans a longue échéance basées 
sur les calculs les plus précis. L’auteur declare que 
la seule fagon d’augmenter le réle joué par la force 
hydraulique est de construire des stations généra- 
trices pendant les périodes de depression afin de 
fournir de la puissance électrique a@ bon marché 
pendant la période d’expansion future. Cette méthode 
permettrait d’amortir la depression et de faire pro- 
gresser les travaux quand les prix sont généralement 
bas. Il éstime aque les installations hydrauliques 
modernes demeureront un element competitif pendant 
longtemps, méme apres Tintroduction de la chaleur 
nucléaire dans les stations génératrices. 


En vista de la demanda constantemente creciente para 
energia eléctrica, habria muy pocas posibilidades de 
extender las centrales hidro-eléctricas a no ser que se 
contara con proyectos escalonados bien establecidos, 
suplementados con presupuestos cuidadosamente 
calculados. El autor manifiesta que el unico medio 
de proporcionar suministros de energia adecuados 
consiste en construir centrales hidro-eléctricas durante 
los periodos de depresion con el objeto de que pueda 
disponerse de energia eléctrica barata durante el 
periodo de expansion subsiguiente. Un tal proceder 
reduciria hasta cierto punto la depresion industrial 
y permitiria la realizacion de las obras mientras los 
precios son generalmente bajos. 





HE importance of the development of hydraulic 
toeee resources is obvious, particularly for 

countries where fuel oil or coal are in short 
supply, or where their reserves are limited, and it 
constitutes today one of the main topics of the 
national expansion schemes of many countries. It 
is generally recognized that a large scale economical 
production of electricity and its distribution through- 
out the country is a perequisite for the general pro- 
gress: An extensive electrification is the prime-mover 
of development of the productive capacity of an in- 
dustrial as well as of an agricultural country. How- 
ever, the construction of hydro-electric stations is 
mostly a major engineering task requiring, after 
many years of surveying and hydrological research, 
up to five years or more for the completion of the 
plant. 

It is manifest that in view of the quickly rising 
energy demand the prospects of maintaining the 
pace of water power extensions would be poor with- 
out a long term policy, well established in advance 
and based on carefully evolved estimates. The elec- 
tricity production during the first three years after 
the end of the war has generally shown a substantial 
increase, and the forecasts made in various countries 
with regard to the post-war trends were often incon- 
sistent with the actual growth. The deficiencies of 
the electricity supply industry which are reported 
from many parts of the world and which are likely 
to subsist, to a greater or lesser degree, during forth- 
coming years, should be branded as “ public enemy 
number one ” and dealt with accordingly. It appears, 
therefore, essential that some pointers should be 
obtained as a guide for planning over a sufficient 
number of years ahead. 


Forecasts on a country-wide scale of the pros- 
pective load development are being made in many 
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countries. These data are generally derived from de- 
tailed studies of the anticipated use of electricity in 
various fields, thus placing the forecasting on a 
statistical basis. With the increasing length of the 
period considered (for instance exceeding five years) 
this method becomes obviously less dependable, and 
another approach to the problem must be sought. 
It may be useful to obtain an idea of the relation, 
if such exists, between different countries with re- 
spect to the progress of electricity production. “ The 
best of prophets of the future is the past” (Byron). 
The following study of statistical data of the past 
development in several countries, though incomplete, 
allows valuable inferences to be drawn concerning 
the future evolution. 

A simple and easy method of assessing the forth- 
coming development consists in extrapolating a 
graph plotted from the data of past years, but 
generally a variety of trends might be yielded by 
extrapoiating a curve. Therefore, it is important to 
have some criterion for selecting the most probable 
trend for the desired estimates or, in other words, to 
have an idea of the shape of the curve representing 
the future evolution under given circumstances. 

The comparison of the past development of elec- 
tricity production in different countries should pre- 
ferably be based not on number of units generated 
or consumed, which vary between wide limits, but 
on a consideration of the rate of increase of annual 
energy outputs, of the time required for the genera- 
tion to be doubled, or the redoubling periods (R.P.), 
as well as on a consideration of the variation of the 
generation per head of population (kWh/H). The 
following remarks will suffice to outline the main 
features of the method applied in this study. 

If the annual outputs are plotted on a semi-loga- 
rithmic scale as a ratio to the output of any preced- 
ing year, selected as the year of reference (the years 
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being plotted as abscisse) the graphs so obtained for 
various countries can be easily compared and their 
slopes give the rate of increase of electricity produc- 
tion. By changing the year of reference all ordinates 
of the curve are reduced, or increased, by a constant 
length, the curve being hereby displaced vertically 
without altering its shape. This procedure permits 
the graphs represented on a chart to be spread more 
conveniently, their slopes being unaltered, and so to 
compare readily the rates of increase and the course 
of the past evolution of electricity production 
in countries considered. This method is a corollary 
of the peculiarity of a semi-logarithmic scale to pre- 
serve the shape of the graph whatever the unit 
adopted. Obviously, the redoubling periods are given 
by the horizontal distances between two consecu- 
tive points of the curve with ordinates y and 2y re- 
spectively. Furthermore, the slope of a straight line 
joining any two points of the curve represents the 
average rate of increase over the time comprised be- 
tween these points, whereas the horizontal distance 
between any two consecutive points of the straight 
line with ordinates y and 2y gives the average re- 
doubling period. Finally, it should be recalled that 
a logarithmic function (e.g. geometrical series), if 
plotted on a semi-logarithmic scale appears as a 
straight line, the slope of which is characterised by 
the argument (ratio) of the function. 

To illustrate the above method, two curves I and 


1 
1920 1930 1940 1950 


Fig. 1. Trend of development of electricity production by 
the Authorised Undertakers in the United Kingdom. 
Curve I 192] 
Curve Il : 1926 


Year of reference 


Year of reference 


II were plotted in Fig. 1, showing the trend of é. 
velopment of electricity production by Authorize 
Undertakers in the United Kingdom, computed fo 
1921 (output: 3,890 Million kWh) and 1926 (output 
6,992 Million kWh) respectively as years of mm. 
ference. It can be easily shown that the vertical dis. 
tance between both curves at any one abscissz 
equal to 

— 6992 
1 198 3890 
hence both curves have exactly the same shape and 
give the same rates of increase and redoublino 
periods. The points a, b, c and d on curve I corres. 
pond to the ordinates (outputs) 1, 2, 4 and 8 respec. 
tively and the redoubling periods are given by the 
horizontal distances (x,-—.x,) etc. between two con. 
secutive points a and b, b and c, and so on. The 
ordinates of the homologous points b’, c’ and d’ of 
the Curve II (e.g. points with the same abscisse x, 
x. and xq respectively) are 1.125; 2.25 and 4.50 re. 
spectively—i.e. having also a ratio of two. 

To obtain, for example, the average redoubling 
period over 21 years between 1921 and 1942, a 
straight line should be drawn joining the correspond- 
ing points of the graph: the slope of this straight line 
shows that the average rate of increase was of 6.55 
years per redoubling period. It is of interest to note 
that from 1921 on and up to 1929, i.e. between the 
first economic depression of 1921 and the boom year 
1929, the progress was effected at an average rate of 
5.62 years per redoubling period (see straight line 
aA). During the period of economic expansion 1933- 
1937 which followed the world slump of 1930-1932, 
the rate of increase was practically the same (R.P. 
of 5.58 years, see straight line BB). 

It should be pointed out that the starting point of 
any one graph, plotted on the same chart, marks on 
the abscissa axis the year of reference chosen for that 
particular graph. The arbitrary choice of the year 
of reference has, as outlined above, no influence 
whatsoever on the shape and the slope of the curve 
so that the comparison of the relative trends is not 
thereby impaired. 

In making comparison between different coun- 
tries, caution is necessary as the statistics for each 
were not always on the same basis and especially the 
figures for total production, including energy genera- § 
ted by private industrial installations, which were 
often based on rough estimates. Notwithstanding 
these shortcomings, it may be presumed that the 
published material makes it possible to visualize the 
main characteristics of the course of development. 

The following survey is based mainly on data from 
the Statistical Year-Book of the League of Nations 
(1923 to 1938), extended up to 1947 on the basis of the 
publications of the Statistical Office of the U.N.O., 
as well as of the data published by the U.LP.DE., 
Paris. Other available sources were also used, par- 
ticularly concerning the evolution of electricity 
supply in its early stages’. 


log 1.78, 


Evolution of Production. 

The evolution of electricity production of 27 coun- 
tries is shown in figures 2 and 3. The countries repre- 
sented are as follows:— 

(a) Countries with hydraulic energy predominating: 
Canada, Finland, Italy, Mexico, New Zealand, 
Spain, Sweden, Switzerland. 
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(b) Countries using mainly steam power: Argentine, 
Belgium, Denmark, Great Britain, Germany, Nether- 
lands, Union of S. Africa. 

(c) Countries with mixed hydraulic and steam power: 
Australia, France, Ireland, Japan, Portugal, United 
States. 

(d) Countries where extensive electrification is still 
to come: Bulgaria, Greece, Palestine, Roumania, 
U.S.S.R., Yugoslavia. 

The graphs show generally a similarity, which at 
least for some of them, is striking. Their course is 
mostly irregular as major economic depressions or 
other causes have influenced the development and 
henceforth the shape of the graphs, the growth of 
production following the cyclic law of economic 
activities of the world. But on the whole there is a 
marked tendency to climb ever upwards as the con- 
sumption increases, not only with the normal growth 
of population and the extension of the supply to all 
quarters of the country, but also owing to a rising 
standard of living and new applications of electricity 
in domestic life, in industry and commerce, agricul- 
ture and other fields. This development is influenced 
by the economic and technical progress, and it would 
appear, therefore, rather premature to speak about 
a saturation of the demand, as in the long run no 
limits can be assigned for this process. 

Considering, for example, the graphs of the United 
Kingdom, the United States and Switzerland—three 
highly industrialised countries—shown in Fig. 2 from 
the beginning of this century, the average rate of 
growth up to 1917/1918, marked by thin straight 
lines, seems to be everywhere practically the same 
(R.P. of about 4.5 years), 
although by 1918 the produc- 120 
tion per head of population joo 
had reached widely different % 
figures (95, 307 and 611 
kWh/H respectively). From 7° 
1903 up to 1914, both Great % 
Britain and the U.S.A. raised 5% 
their outputs in the same pro- 45 
portion, /.e. 5.4 and 5.5 times ne 
in spite of about three times ,, 
higher production per head 
of population in the States 
(133 as against 46 kWh/H). 

During the 1914/18 World 
War the U.S.A. output was 
further increased 2.4 times, 
this at a rate of only 3.3 years 
per redoubling period. The 
similarity of the evolution in 
the U.S.A. and Switzerland 
from 1922 onwards and up 
to 1937 is quite remarkable. 
During the economic expan- 
sion period following 1923 
the development in both 
countries was effected nearly 
at the same rate (R.P. 7.7 and 
8.3 years), the 1929 produc- 
tion per head of population 
being 980 and 1,303 kWh 
respectively. Also the con- 
sequences of the 1930/32 
slump were analogous, as 
well as the recovery after- 
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wards. From 1934 on and up to and including 
1937, the advance was at a rate of 7.6 and 8 
years per redoubling period in the U.S.A. and in 
Switzerland, i.e. at a rate almost identical to that 
attained 8 to 10 years previously, notwithstanding 
higher figures of production per inhabitant reached 
in 1937 (1,150 and 1,668 kWh respectively). It is 
worth noting that the rate of increase (about 5.6 
years per R.P.) during both periods* of economic 
expansion 1923-1929 and 1933-1937 was maintained 
also in Great Britain, as already mentioned, although 
the 1937 production per inhabitant in that country 
was 2.3 times higher than 1929 figure (534 and 
233 kWh respectively). 


Economic Factors 

It appears that during a phase of economic ex- 
pansion, resulting from a period of relative stability 
throughout the world, the growth of productivity 
in any country is influenced by economic factors, 
conditioned by that complex of acting forces which 
propel the economy of the country and are charac- 
teristic of the country. In countries with developed 


* Although the first period can mostly be confined to the seven year 
period 1923-1929, this delimitation naturally can not be a fast one, 
as there are countries where the economic expansion period started 
before, or ended after the mentioned limits. The same remark is valid 
for the second 5 year period 1933-1937, as in many countries the ex- 
pansion period extends beyond the Munich year of 1938. Also the 
effects of the world slump 1930-1932 were neither pronounced every- 
where to the same degree, nor limited to the same time. 


Fig. 2. Trend of development of electricity production in 
some countries. 

(P) = Production by the public authorities. 

(T) = Total production, including industrial plants. 


Notre.—The graph of Denmark is based upon consumption statistics 





electrification this economic expansion can be ex- 
pressed in terms of electricity production almost as 
well as in terms of the total gross national output. The 
rate of increase of energy production seems thus to 
be a characteristic figure for the relationship exist- 
ing between the economic forces involved in the pro- 
cess and the general structure of the country, i.e. its 
capacity to develop the existing means of production 
and to use them as fully as possible, as well as to 
create new productive capacity to meet the actual, 
or potential demand for manufactured goods or 
other commodities. 

The trend of development of energy production 
during such periods of expansion, under conditions 
approaching more or less a free economy, is repre- 
sented on a semi-logarithmic scale very closely by 
a straight line, in other words, the evolution follows 
an exponential law. As in both periods under review, 
this exponential law has remained practically un- 
changed for every country considered, it seems logi- 
cal to infer that this law might characterise the pro- 
ductive effort which could be supplied by a nation 
under favourable economic conditions. 

The concentration of the whole national resources 
upon the war effort during the emergency period 
1939-1945 was naturally accompanied by a rapid 
growth of electricity consumption. It could be ex- 
pected, if the above theory is basically true and 
applicable also to war economy, that the rate of in- 
crease of energy production should at least have 
attained the highest figures previously observed. This 
was not the case in Great Britain, where the growth 
of energy production during the period 1939 to 1942 
was characterised by a redoubling period of about 
7.7 years. In U.S.A., however, the expansion under 
the war effort had the expected effect: the redoubling 
period during the 5 years 1939 to 1943 was 5.47 years 
only, thus exceeding the rate of increase attained dur- 
ing the first and the second expansion periods pre- 
ceding the war. 

It seems not too difficult to adduce reasons for the 
rate of progress falling in Great Britain, whilst rising 
in the U.S.A. The transition period from peace 
economy to war emergency was much shorter in 
Great Britain than in the U.S.A., where at least dur- 
ing two and a half years prior to December 1941 
the industry was gradually converted to a war pro- 
duction basis, the U.S.A. becoming the “ Arsenal of 
Democracies.” Besides this, American industries, 
during the period between the two wars, worked 
appreciably below their output capacity and the 
mobilisation of the productive forces still unutilized 
could be achieved at shorter notice. The main fac- 
tors impairing the progress of production in the 
United Kingdom may have been the extreme strin- 
gency in labour and scarcity of materials. Moreover, 
many war industries were started oversea. Obviously, 
in the U.S. all these elements served to impede the 
war effort to a far lesser degree, plants were reno- 
vated and improved, and the methods of production 
further automatized, so increasing the output per 
man-hour. 

Turning to the development of electricity produc- 
tion in other countries the following inferences can 
be drawn from graphs of Figures 2 and 3. In most 
countries periods of economic expansion are charac- 
terised by a rapid growth of output, which generally 
follows very closely an exponential law. There is a 
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Fig. 3. Trend of development of electricity production in 
some countries. 

(P) = Production by the public authorities. 

(T) = Totai production, including industrial plants. 


(1) = Total production for inland consumption. 
Spain: To improve visibility the graph has been advanced by one 
year; only the year of reference is una'tered, 


Note 


similarity with regard to the rate of increase, not- 
withstanding the different economic structures or 
geographic location of the various countries, as can 
be seen, for instance by comparing the graphs of 
Australia, Belgium, Canada, Italy, Japan and New 
Zealand plotted on the chart (Fig. 3); or Germany, 
Greece and Ireland between 1934 and 1939, as shown 
in Fig. 2. The outputs of Belgium, Canada, France, 
Germany, Italy and Sweden, like the production in 
the U.S.A. and Switzerland, were affected by the 
slump 1930-1932, but during periods of economic 
expansion the trend of development was analogous 
in all these countries. This remark is also true with 
regard to the advance in Spain from 1923 to 1928, 
as well as between 1938 and 1943. In general, the 
rate of increase of annual outputs in various countri¢s 
does not seem to be related to, or dependent upon, 
the level of generation per inhabitant already 
attained. Contrary to expectations, even in countries 
with the highest consumption per inhabitant and 
which might be considered as having reached satura- 
tion, there is no marked slackening in the rate of 
advance, for, in due course, the field of applications 
of electricity extends and potentialities are not yet 
exhausted. 

The demand for electricity, generally speaking, is 
therefore rising not only with the growing population 
or with the progressive extension cf the supply 
throughout a country, but also as a consequence of 
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Fig. 4. Development of production per head of population 
in some countries. 
(P) = Production by the public authorities. 
(1) = Total production, including industrial plants. 
(1) Total production for inland consumption. 
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tS. 
: an cations by all classes of consumers. Fig. 4 shows 
graphically on a semi-logarithmic scale the advance 
of electricity production per inhabitant in 14 coun- 
> not- tries. It is of interest to note that the evolution was 
es Of effected mostly at practically the same rate and that 
is Call even in countries covering a range from 300 to 
hs of 3,700 kWh/H, i.e. those with the highest figures of 

New kWh/H, there was no sign of slackening due to 
many, saturation. On the whole, the progress was main- 
hown tained, following the same exponential law marked in 
rance, the graphs by thin straight lines. 

on in There are countries where practically the whole 

y the population is already supplied (Switzerland, Nether- 

omic lands, Belgium, France), and others where the process 

gous of extending the supply throughout the country is yet 
with far from complete (Bulgaria, Finland, Ireland, Portugal, 

1928, Roumania, U.S.S.R., Yugoslavia); but the difference 

|, the between the slopes of the respective graphs during 

itri€s the second expansion period is in many cases neg- 

Ipon, ligible. It must be mentioned that where the popula- 

eady tion remains constant, the graphs of Fig. 4 repre- 

tries senting kWh/H and those showing the trena of 

and development of electricity production have the same 
tura- shape. In countries with rising population the slopes 
le of of the graphs of kWh/H are obviously less steep than 
tions the curves of the annual production. 

. yet Some characteristic figures (R.P. and kWh/H 
attained at the end of the interval of time considered) 

g, is are given in Table I, in which the countries having 

tion the shortest redoubling periods between 1932 and 

pply 1939 (Column 4) are indicated first. Countries under 

e of Items 13 and 14 in column 4, have per capita pro- 
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ductions of 2,500 and 37 kWh respectively, 
but the divergence between the respective 
redoubling periods is negligible. The availa- 
bility of hydraulic power resources seems to 
be conducive to a more rapid development 
(Canada, New Zealand), but it appears that 
with regard to the redoubling periods there 
is no pronounced difference in spite of diver- 
gent kWh/H figures. Where agricultural 
production and rural population (Items 2, 3, 
8, 14, 15) are predominating, the figures of 
kWh/H are generally much lower than in 
industrial countries, but there again the rates 
of increase of annual outputs were similar to 
those reached in countries with an appreciably 
higher stage of electrification. 

The effect of direct hostilities during the 
emergency period 1939-1945 on development 
of energy production is clearly illustrated by 
the graphs of Belgium, France, Italy and the 
Netherlands. Progress was interrupted and a 
regression took place, the drop being parti- 
cularly marked in 1944 and 1945 when the 
war in those countries had reached its peak. 
In France and Belgium the rising tendency 
was apparent as early as 1945, rapidly in- 
creasing during both consecutive years, and 
already exceeding the pre-war production 
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Fig. 5. Fucl cost fluctuations in the United States. 
1 = Fuel oil prices, Texas Gulf coast. 
2 = Coal prices at source. 
3 = Cost of living index. 


Sca'e: Corresponding figures of 1938 160% 


level. The same remark is true also for the Nether- 
lands and Italy, where the drop and recovery were 
even more drastic. 

Summing up, it can be inferred from this data, as 
well as from the graphs of various countries that the 
trend of electrification mostly reflects the fluctuations 
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in world economic activities or, in other words, the 
economic unity of the world. 


Future Requirements 

In view of the unabated demand for energy, re- 

rted from various parts of the world, it is prob- 
able that a further substantial increase of consump- 
tion will take place in the near future. It should be 
kept in mind that coal and fuel oil prices exceed 
considerably the pre-war level as can be seen, for 
instance, from Fig. 5 showing the cost variations in 
the U.S.A.“ On the other hand, supply companies’ 
rates have remained almost unchanged, and where 
rate increases took place, the price level of other 
commodities has generally risen much higher, so that 
electricity still costs relatively less than before 1939. 
In the light of these considerations, and political 
conditions favouring stability, the existing potential 
demand for electricity must result in an extreme 
rate of increase of production. 

The opinion is current that in spite of unsettled 
conditions an economic expansion may be expected 
and, in fact, an increased activity can already be 
observed in many countries. It appears, therefore, 
that the electricity supply industry as a basic in- 
dustry, second only to coal mining and the oil 
industry, ought to be in a position to keep pace with 
the future requirements. The forthcoming develop- 
ment has been studied everywhere, the required ex- 
tensions have been investigated, and new installa- 
tions on an unprecedented scale have been put in 
hand. Nevertheless, three years after the end of the 
second World War the existing plants are still insuffi- 
cient to meet the demand; hence restrictions as well 
as electricity cuts are the only way out when other 
palliatives, like operation with lowered frequency 
and voltage, or spreading of the daily load and simi- 
lar measures, fail to restore the balance between the 
available generating capacity and the ever growing 
demand. It is manifest that such a state of affairs is 
harmful to the national economy and is hampering 
the general progress of the country. 

As a consequence of the present circumstances 
and the shortage of power stations, the average 
generation per kW installed capacity shows a con- 
siderable improvement which, if maintained, would 
effect a reduction in the new plant requirements. The 
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evolution of the plant utilization-time in some coun- 
tries is illustrated by the graphs plotted on Fig. 6, 
where the average figures are shown separately for 
hydro-electric and thermal stations. On the average 
utilization-time of the hydraulic installations is sub- 
stantially higher than that attained in steam power 
plants, though yearly hydrological conditions have a 
marked influence upon the annual results and are the 
cause of the fluctuations clearly visible, for instance, 
on the graph of Sweden. 

If the water power stations are the sole, or the 
predominating source of electricity supply, the mar- 
gin between available capacity and the demand 
should be sufficient to cover these possible fluctua- 
tions. In countries with steam and hydraulic plants, 
the drop in hydraulic production is accompanied by 
an increase of the utilization time of the steam 
stations, as illustrated, for example, by the variations 
of the respective curves of the U.S.A. (1936, 1939, 
1944). Obviously, to be fully beneficial such a com- 
pound operation must be based on a well planned 
high-voltage grid system of adequate transmitting 
capacity, which would permit reduction of the con- 
ventional reserve margin provided in various districts. 

The past development of electricity production in 
a number of countries, as shown in this survey, re- 
veals some characteristic features of the process fol- 
lowed by the progress of electrification. This process 
has a cyclic appearance, and is similar to, and re- 
sulting from the cyclical alternation of economic 
expansion and depression periods characterising 
world activities. There is every likelihood that future 
world business and productivity would not escape 
this phenomenon, and the problem of estimating the 
prospective demand for electricity on a long term 
view, can be approached from this angle. Besides, 
it can be assumed that during forthcoming expansion 
periods the advance would again follow an exponen- 
tial function, having a rate of increase observed in 
the past under similar combination of circumstances. 
By this method, it is submitted, the probable features 
of the anticipated evolution could be depicted in 
their broad outlines. 

In view of the dynamic nature of the problem, 
extension schemes should be subject to revision from 
time to time, in order to accord with the actual trend 
of development. In his field of activity the writer has 
used for five consecutive years a graphical method 
for forecasting the energy demand one year ahead. 
Based on relevant statistics of the past evolution, 
the method has proved to be reliable and the errors 
were within + 3 per cent. There are no means to 
arrive at such precise forecasts calculated for a num- 
ber of years ahead, but this approach gives neverthe- 
less the probable features of the anticipated evolution. 

The upper graph in Fig. 7 illustrates the develop- 
ment of electricity production in the whole world 
from 1920 up to 1947. The available statistics were 
extended from 1937 onwards by summing up the 
outputs of 15 countries‘ which have generated pre- 
viously, over a number of years very nearly % of the 
known world production, as given by the League 
of Nations Statistical Year Book. It is assumed that 
the same ratio has been maintained also after 1937, 
though it may not be fully justified because of the 
war influence upon the output in Europe (mainly 
in U.S.S.R. and Germany) from 1941 onwards. For 
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Fig. 7. Development of electricity production in some 


countries and in the world. 
(Th) = by thermal power stations; 
(Hy) hy 
(P) hy public 
(T) Total production, including industrial plants. 


hydro-electric stations; 


authorities; 


1938, 1939, 1946 and 1947 the index numbers were 
used as indicated in the U.N.O. Statistical Bulletin 
for world electricity production’. 

This calculation shows that the 1947 world elec- 
tricity output has probably reached a total of about 
750 milliard kWh as against about 125 milliards 


generated in 1920, i.e. the output was increased gi 
times. The average redoubling period for this proces 
was of 10.4 years; but, as can be seen from th 
graph, the progress was mainly effected in the form 
of three staggered, consecutive expansion periods 
alternating with short depressions. Each time th 
advance has followed very closely the exponentia 
law in accordance with an average redoubling periog 
of seven years. An interval of twenty-seven yean 
was required to build up new generating (and con. 
suming) plants to produce about 625 milliard kWh, 
but if the future evolution would progress as out- 
lined above, then during the forthcoming ten year 
period an additional 750 milliard kWh might 
needed to satisfy the world demand. More precisely, 
the annual output at the end of 1950 may reach 
about 1,000 milliard kWh, corresponding to an annual 
average increase of about 80 milliards. The highey 
figure attained previously seems to be about 62 mil 
liard kWh, a jump registered in 1943. But then pre. 
sumably a certain margin in generating capacity was 
still available whereas for the future progress new 
plants would be required, amounting approximately 
to 15,000-20,000 MW yearly addition, thus probably 
exceeding the actual manufacturing capacity of the 
worid.* 

In connection with calculations made in order t 
assess the world production, it should be mentioned 
in regard to the output of private industrial plants 
that the figures are not as accurate as for those of 
the public authorities. The relevant statistics being 
rather scarce, the output of industrial plants of the 
U.S.A., Canada and U.K. was omitied; on the other 
hand, in some other countries statistics of the total 
production were used; but on the whole the calcula- 
tions were made on the same basis as prior to 1937 
The total world output may rather be higher than 
derived hereby. 

Considering the output of the 15 countries alread) 
mentioned, the hydraulic power stations have sup- 
plied about 59.5 per cent. of the total in 1935, 
whereas in 1944 their part has declined to about 5/ 
per cent. (a relative drop of 14 per cent.). The same 
remark is true for the U.S.A. (see Fig. 7) where even 


a more pronounced regress took place, for the hydro-§ 


electric stations of the public supply authorities have 
contributed 30.4 per cent. of the total in 1947 as 








* Papers, which came to the knowledge of the writer after 
completing this study, have provided some additional in- 
formation. 

From the statistics published in the Journal of the 
Franklin Inst. (Sept. 1948) it is shown that the total capacity 
of the water power plants of the world at the end of 1947 
was about 64,000 MW, and that the increase during the 
1945-1947 period was at the rate of 3,350 MW per year, 
the highest ever reached. This amount appears to be insuffi- 
cient to keep pace with the forthcoming development, and 
should be increased substantially if the relative importance 
of the hydro-electric output is to be maintained. 

In his study “ Long-Range Planning for Power Supply ” 
(El. Eng... Vol. 67, No. 12, 1948), F. O. McMillan gives as 
the result of his investigations “that an average construc- 
tion rate of 4,000 MW per year for 12 years must be main- 
tained just to meet the requirements for load growth and 
without any provision for equipment retirement.” This 
figure relates to the requirements of the U.S.A. utilities 
companies only. Taking into account the staggered shape 
of the curve representing the actual progress of electricity 
production, these requirements during expansion periods 
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may be estimated at 6,000 MW yearly. An appropriate 
amount is to be added for new industrial plants and for 
replacement of obsolete machinery. The actual manufactur 
ing capacity of the U.S.A. in elecirical heavy equipment! 
was estimated by the U.S. Secretary of Interior at 5,500 MW 
yearly (El. World., 8th Nov. 1947) and would thus be just 
sufficient to cover the demand of the country. 

The estimates made in Marshall Aid countries show tha! 
in Western Europe an additional 30.000 MW would be re 
quired during a period of 5 years, i.c. an average of over 
6,000 MW yearly (T. G. N. Haldane, Water Power, Vol. | 
No. 1, 1949). 

Taking into account the requirements of other countries 
of the world it would seem that the figures arrived at in 
this study are not so fantastic as they might at first appeat 
The potential demand and the corresponding plant require: 
ments as dealt with here must, however, not be confused 
with the actual possibilities of building up the adeguate in 
stallations and of supplying energy. It is clear, on the othe! 
hand, that the progress may be slowed down in consequent 
of the probable world-wide deficiency of the electricit) 
supply industry. 
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against 39 per cent. in 1935 (a drop of 22 per cent.). 
In consequence of the quick advance of the con- 
sumption during this interval of time, the rate of 
extensions of hydraulic power resources was in- 
adequate and besides was lagging behind the 
schedule. Because of conditions growing out of the 
war, only || MW of new hydro-electric equipment 
were added in 1946, and 370 MW in 1947 out of a 
total of 2,300 MW on order at the end of that year. 
The corresponding graphs in France show analogous 
features, although in the 1933-1937 period the rising 
output of hydro-electric stations had exceeded the 
rate of increase in consumption. Probably, the un- 
settled political conditions prevailing at that time in 
France provoked a considerable slackening of the 
trend of development; but with the sharp recovery 
of the demand after the end of hostilities, the rate 
of hydro-electric plant extensions, which constitute 
the backbone of the French reconstruction plan, be- 
came insufficient. In Austria, too, the expansion of 
hydraulic power resources between 1937 and 1941 
(Fig. 7) was lagging behind the rate of development 
of the total production. 


Summing Up 

It seems to be warrantable to tackle the question 
of future hydro-electric extensions with more vision 
and confidence in regard to the general progress and 
ever rising requirements for energy. The only way 
to increase the part contributed by water power is 
apparently to build up hydro-electric stations during 
depression periods so as to provide the country with 
cheap energy for the forthcoming expansion period. 
This approach would permit reduction, at least to 
a certain degree, of the depression and concurrently 
to reduce the investments as the work would be car- 
ried out at the time when prices are generally at the 
lowest. The duration of economic expansion periods, 
broadly speaking, is mostly not very different from 
the time required, even under normal conditions, to 
build a major hydro-electric station. Some plants, 
consequently, should be started early enough before 
the end of the depression in order to bring them in 
operation at an adequate sequence and in accord- 
ance with the rising demand for electricity. In view 
of the tremendous task which lies ahead of the elec- 
trical industry to meet the world requirements for 
new generating capacity, delivery time for heavy 
equipment may increase still further. On the other 
hand, the fuel prices have advanced very substan- 
tially during the last two years (see Fig. 5) and may 
continue to rise for some time; hence the increasing 
importance from economical and national point of 
view to make use as soon as practicable of still un- 
harnessed water power, mostly less expensive than 
the energy produced in thermal power stations. 

Where the case is on the balance the comparative 
calculations of the self-costs per unit generated by 
hydro-electric or thermal stations should be made, 
inter alia, not only on the basis of the present general 
cost index, but also in making allowances for the 
future changes of the price level. Under prevailing 
conditions the differences may be appreciable, even 
if a fraction of the useful life of the equipment were 
considered. No doubt, the advantage of water power 
would then appear without ambiguity, notwithstand- 
ing this still unconventional approach. Moreover, 
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though no information is yet available concerning 
the possible cost of future power stations using 
nuclear heat as fuel, it seems reasonable that new 
hydro-electric plants, at least those which now 
compete successfully with an up-to-date thermal 
power station, would still remain competitive for a 
long time. 

In countries with limited fuel resources it should 
be borne in mind, besides other considerations, that 
thermal power houses are liabilities; whereas hydro- 
electric plants, on the contrary, if considered from 
the national point of view represent assets of ever 
growing value. 
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TOTHILL STREET GROUP 


Mr. George Rollason has been appointed Deputy 
Chairman and Managing Director of Transport (1910) 
Limited, the company owning WATER POWER and 
twelve other technical journals (which have become 
known as the Tothill Street Group), covering the basic 
industries of the country. In this appointment Mr. 
Rollason succeeds Mr. J. A. Kay, whose death 
occurred on July 8. 

Mr. Rollason, who was formerly Joint Managing 
Director, was closely associated with Mr. Kay for 
many years, and has taken a prominent part in the 
establishment and development of the papers forming 
the Group. 


“WATER POWER ” ABSTRACTS 


We are pleased to note that WATER POWER has 
been added to the list of the World’s Technical 
Journals from which “ Electrical Engineering Ab- 
stracts” and “Science Abstracts” are compiled. 
These important abstracting services are performed 
by the Institution of Electrical Engineers, in associa- 
tion with the Physical Society, the American Physical 
Society, and the American Institute of Electrical 
Engineers. 


B.T.H. APPOINTMENT 

On his return from India, Mr. R. L. Chantrill has 
been appointed chief technical engineer of the British 
Thomson-Houston Export Co., Ltd. Mr. Chantrill 
has had long experience of project work, and for some 
years was director and chief engineer of Associated 
Electrical Industries (India) Ltd. That position he has 
now relinquished. 
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Some of the papers presented at the United 
Nations Scientific conference, which started 
on August 17 at Lake Success, U.S.A., are 
summarized here. 


Appraisal of Water Resources.—Mr. C. G. Paulsen, 
chief hydraulic engineer, Water Resources Division, 
Geological Survey, United States Department of the 
Interior, discussed the current fundamental concepts 
on the appraisal of water resources in the light of 
the basic significance of water as a necessity of life, 
and as a limiting factor in the progress of modern 
civilisation. In many places the development of in- 
dustrial and social economies had created water 
demands of a magnitude and variety which exceeded 
all expectations. The advance made in methods and 
equipment for investigation of water resources, and 
of the hydrologic cycle in a given region, were 
reviewed. 

M. Aime Coutagne, consulting engineer, Rhd6ne, 
dealt with the detailed study of hydrological experi- 
mental data. He classified such data under three main 
headings: The first was concerned with the study of 
yield in relation to time factor: (i) where time was 
considered first as a duration factor in relation to 
probabilities; (ii) as a seasonal factor in relation to 
annual periodicity; and (iii) as a periodic factor in 
relation to various periodicities other than the solar 
cycle. The second main heading was the study of 
yield in relation to hydro-meteorological factors. Pre- 
cipitation was considered in relation to rain-river 
correlations; temperature data was related to river 
yield, and snowfall was correlated with the yield. Data 
was also considered in relation to previous yields, i.e., 
internal river factors, such as the internal retention of 
the soil, and in relation to complex correlations of one 
or more of the above factors taken together. The third 
heading was the study of yield in relation to situation. 

The nature and possibilities of yield estimation 
were shown to depend upon the different kinds of 
study, but ultimately they were based on probabilities. 


Water Control Structures and River Engineering 
Works.—M. Andre Coyne, chairman of the Inter- 
national Commission on Large Dams, Paris, surveyed 
the trends in dam construction technique, with par- 
ticular reference to the factors determining the choice 
of a particular type of construction. The “ mass pro- 
duced ” gravity dam adopted by the U.S. for reasons 
of speed and ease of production depended upon the 
use of powerful standardized equipment; whereas by 
contrast the trend of the European style was towards 
the “ made to measure” dam, where the main con- 
sideration was economy of material, which ruled out 
the gravity dam in favour of other types, such as the 
pure arch, thick arch, and buttress dams. 
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The progress made in pure arch construction was 
due to the steady increase in the ratio of length t 
height, and in the greater stresses expected for 
concrete. When the width of the valley became really 
great it was still possible to achieve a large saving of 
material by means of thick arch construction, and in 
more extreme cases multiple thick arch dams with 
spaced buttresses, often provided an economic 
solution. 

French dam building technique had been tending 
towards the use of pre-stressing. In a particular dam, 
high tension steel braces passing through the whole 
structure and penetrating into the earth beneath 
created an artificial ballast or “ live load ” equivalent 
to one-third of the dead load, or one-half of the water 
pressure. Nearly 20 years after the placing of those 
braces, periodical checking had shown that the initial 
tension of 1,000 tons had varied very little. 

His final heading dealt with rock fill and earth 
dams. These were once accepted as only suitable for 
use on difficult or doubtful foundations, but they have 
now become accepted everywhere as competitors with 
the gravity dam, even on hard rock. The increased 
use was basically a result of the development of con- 
structional equipment, particularly of equipment for 
transport, and spreading and rolling the earth. But 
works of this kind required of the planning authority 
the greatest intellectual flexibility, with acute powers 
of observation and great discrimination in the study 
of natural conditions. The present tendency generally 
is towards a mixed structure, with rock on the facings, 
and compacted earth in the centre. 


Rapid Survey Methods.—-Mr. Milton G. Speedie, 
senior designing engineer, Melbourne, Victoria, 
Australia, gave descriptions of methods which he 
had found useful in saving time and labour in the 
preliminary comparison of dam sites. Rapid survey 
methods were essential in the primary stage, and he 
recommended a battery of survey aneroid baro- 
meters, with a continuously recording barograph at 
a base station, as useful adjuncts for determining the 
levels. Military type range tinders and tape were 
used for measuring distances, and clinometers for 
vertical angles. Various formule were given and data 
relating to reservoirs in Australia and the United 
States of America. 

A paper by Mr. F. J. Dominguez of the Corporacion 
de Fomento de la Produccion, Santiago, Chile, dealt 
with the problem of measuring and dividing water 
resources in Chile. He stated that in that country the 
imperative necessity of irrigation, since there is no 
rain during the spring and summer in the central 
region, had from the start required the development 
of canals, and has not given time for the construction 
of control works on the rivers. Those rivers were 
subject to variation in yield, not only from month to 
month, but from day to day, and even within a single 
WATER POWER 
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day. The water divider had been developed to deliver 
4 volume, which although variable would remain at 
all times in constant relation to the total portion 
carried by the canals. 

Mr. Inayat Husain and Dr. K. J. Kabraji, Karachi, 
Pakistan, referred to the use of models—which need 
not necessarily be exact and smaller replicas of proto- 
types—in planning water control works, and stated 
that a model on a reasonably small scale gave a very 
accurate picture of the workings of a prototype. 
Probably the largest river model in the world, that of 
the Mississippi river basin, comprised an outdoor 
replica of the entire drainage area of 1,243,600 square 
miles, and was constructed by the United States 
Waterways Experimental Station. The Government of 
Pakistan, stated the authors, intended to establish 
experimental stations at various points throughout the 
country, and particularly in East Bengal, where in- 
vestigation by models would take a prominent place. 


Sediment Control.—In the paper by Mr. E. W. Lane, 
of the United States Bureau of Reclamation, and 
Mr. Owen P. Stanley, South Pacific Division, Corps 
of Engineers, United States Army, the authors’ atten- 
tion was devoted to the control of sediment in water 
resource developments. Filling of reservoirs by sedi- 
ment was a serious problem in many regions; the 
filling of stream channels by sediment deposits caused 
much excessive soil erosion, and the withdrawal of 
water from stream flow were also matters of some 
concern. Absolute remedies were not always avail- 
able, but steps to improve the situation could be 
taken in many cases. Soil erosion control measures 
could result in considerable benefit within a relatively 
short time. In some regions the growth of vegetal 
cover was slow; thus improvement through soil 
erosion control was also slow. 


Swedish Hydro-Electric Schemes.—Mr. Ake Rusck, 
President of the Swedish Stage Power Board, Stock- 
holm, Sweden, dealt with water power in relation to 
coal and other fuel, and stated that Sweden was prac- 
tically without its own resources of coal, oil, and 
natural gases, but that there were very large reserves 
of water power, amounting to about 50,000 million 
kWh a year, which might be economically developed. 
He mentioned the advantages gained by the use of 
electricity for every type of industrial heating process, 
since a higher quality of finished product, lower pro- 
portion of rejects and a more rational and economic 
production had resulted from the utilisation of electric 
power in that way. 

The majority of Swedish waterfalls were charac- 
terised by comparatively low hydraulic heads; thus 
the developed water power was more extensive than 
in countries with high hydraulic heads. At the end of 
1948/49. the developed water power amounted to 
about 14,000 million kWh a year. A quarter of the 
water power potential was thus used. The total output 
of electrical energy amounted to about 2,060 kWh per 
head of the population. 

Dealing with the details of some Swedish water 
power stations he said that because of the heads, 
which were frequently less than 50 metres, the natural 
falls were often very extended in length, so a gathering 
of the head must be brought about. This was done 
by damming the top surface of the water and by 
blasting space for the power stations, totally enclosed 
WATER POWER 
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in the rock, with a discharge into tunnels and canals. 
Again, because of the low heads, Francis or Kaplan 
turbines were almost exclusively used, with the latter 
type coming more and more into favour. Equipment 
for Swedish power stations has been manufactured 
almost entirely by Swedish firms. At the new power 
station at Harspranget units would have a capacity 
of about 100,000 kW each. 

The existing storage reservoirs had a total capacity 
of 24,000 million cubic feet, and with the heads at 
present available they made possible the storing of an 
annual quantity of 4,300 million kWh. Extensive new 
lake storages were under consideration. 

Among other aspects of water power, irrigation, 
inland navigation, and the co-ordination of the float- 
ing of timber to the coast each year, must be con- 
sidered. Irrigation is scarcely used in Sweden, and 
there is little inland navigation, but floating of logs 
past the stations is an important matter, and arrange- 
ments have been made, after extensive model tests, 
whereby the floating can take place past the stations 
with the smallest possible amount of water being used 
in this fashion. 

Power supply is organised in Sweden by the State 
through an independent commercial enterprise, and for 
power transmission from north to south there are six 
200 kV lines with a transmission distance of a maxi- 
mum of 900 km. Research work is in progress for 
higher voltage, higher power and higher power system, 
and among the experiments has been one on high 
voltage D.C. transmission operating at 90 kV. The 
new long distance transmission lines required in the 
near future, however, will be operating at 380 kV 
alternating current. Practically all the power stations 
in the country are run in parallel continuously, and 
exchange of power takes place on a large scale. 


Recreational Uses of Water.—Mr. Conrad L. Wirth, 
chief, Land and Recreational Planning, National 
Park Service, U.S. Department of the Interior, dealt 
with the recreational use of water in particular rela- 
tion to the United States. He said that among the 
many great benefits resulting from water impound- 
ments were the very vast recreational benefits which 
were thus created. Leisure time has doubled in the 
past half century in spite of the enormous increase 
in productivity, and he held that recreation is not a 
perquisite of living, but a basic ingredient to life itself. 

The development of recreational facilities is being 
planned in two phases: (1) The construction of facili- 
ties which may be accomplished during the period of 
construction of the dam itself, and (2) the construction 
of recreational facilities which must be planned for 
completion subsequently. 

Mr. Leland Olds, Federal Power Commission, 
Washington, D.C., U.S.A., referred to the compre- 
hensive plants for river basin developments and said 
that the development of water power provided a key 
to comprehensive basin development. It was vital to 
the conservation of exhaustible energy resources. 


Drainage Basin Management.—Mr. Howard L. 
Cook, United States Department of Agriculture, 
Washington, referred to questions of surface run- 
off, and showed that floods, composed mainly ot 
water deriving from surface run-off, could be sub- 
stantially reduced by land treatment measures. Land 
treatment had its maximum effectiveness, as a means 
of flood abatement, on lands of high sub-surface 
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storage capacity, i.e., deep soil !and. He detailed ex- 
periments carried out in that direction in the Coweeta 
Experimental Forest of the United States Forest 
Surveys, and showed that the run-off was considerably 
increased by denuding a small drainage area of forest 
covering, and by attempting to prevent the growth of 
vegetation. His paper in general dealt with flood con- 
trol, rather than with hydro-electric utilisation, but 
gave valuable data in relation to the latter subject. 


Wind Power.—The subject covered by Mr. Percy 
H. Thomas, Federal Power Commission, Washington, 
D.C., U.S.A., was not related specifically to water 
power, but it was concerned with the utilisation of 
natural resources. 

He dealt with the harnessing of wind for electric 
power and stated that giant turbines could now be 
constructed. This engineering accomplishment fol- 
lowed from the highly specialized research in the 
aerodynamics of the aeroplane and from the success- 
ful operation of the 1,250 kilowatt Smith-Putnam 
turbine in Vermont, United States of America. While 
the delivery of wind energy was intermittent, low-cost 
firm wind power could be secured by operation as an 
auxiliary in a large utility network containing suf- 
ficient hydro storage. Energy from the reservoirs was 
borrowed and returned at relatively short intervals. 
On account of the leanness of the energy in the wind, 


Correspondence 
MODEL TESTS 
To the Editor of WATER POWER 





Sir, 

I have noted with interest the article by Dr. Mario 
Medici on “ Model Tests,” given in your May/June 
issue. He states that the specific speed is given by 
the formula 

N.V¥Q 


sO H: 
Where N =the rate of revolutions per minute 
H= the head 
the discharge 
realise that the choice of units may pos- 


N 


Q 

While | 
sibly influence this relationship, I venture to suggest 
that the more usual formula is given, for instance, 
in “Centrifugal and Other Rotodynamic Pumps ” 
by Herbert Addison, M.Sc., M.Inst.C.E., M.1.Mech.E. 


as: 


NvQ 

Hi: 
Where the factor K. depends on the units chosen, 
and is in fact equal to. 


K 


N.=K 


* ke 
Where W is the density of the liquid and k,, is the 
H.P. equivalent or energy per second correspond- 
ing to | H.P. 550 foot pounds per second, or 
75 Kg.m. per second. 

The values of K. given by Mr. Addison vary be- 


tween 0.0174 where Q is in Imperial gallons per 
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structures of very large dimensions were required, 

By accepting somewhat higher power cost, winj 
power might be utilised in many areas where fuel anj 
hydro were limited. The selection of the most favow. 
able turbine sites, which should have high averag 
wind velocities, required careful investigation. 

Water Bureau observations indicated that anny 
and monthly averages of the hourly wind velccitis 
at their stations were surprisingly constant, thy 
promising long-time stability in the wind energy. The 
diversity between the patterns of the wind at differen 
stations appeared to be very helpful in firming win 
power. 


Water Supply and Pollution Problems.—Mr. Abe 
Wolman, of the John Hopkins University, Baltimor, 
Maryland, U.S.A., suggested that an internationa 
group should elaborate the hydrologic data of the 
major surface and underground waters of the world 
Development problems in relation to water resource 
should be on the broadest possible scale. To illu. 
trate his meaning, he gave a survey of the wate 
resources of the U.S.A., British Columbia, Th 
Netherlands, Siam and India. 

Mr. Ernest W. Steel, consulting engineer, Institut 
Nacional de Obras Sanitarias of Venezuela, deal 
almost entirely with pollution problems which wer 
not of special inierest to hydro-electric engineers. 





minute and H is in feet, and 3.65 where Q is in cubi 
metres per second and H is in metres. N, in each 
case, being revolutions per minute. 

While not pretending to have any _ specialized 
knowledge of this subject, it seems to me apparent 
that Dr. Medici’s formula, as stated in your columns 
does not truthfully express the relationship withou 
the addition of the constant K... 

J. H. M. SYKES 


67, Chaucer Road, Bedford. 


GOVERNING OF WATER TURBINES 


To the Editor of WATER POWER 
Sir, 

I have seen in your journal and elsewhere, fr 
ferences to the importance of hydro-electric power 
to a country where no fuel resources of any other 
kind were available. This has implied that if. thei 
railways are electrified they must rely on hydro 
electric power. I should, therefore, be very interested 
to hear any reader’s views on the subject of gover 
ing of hydro-electric turbines, on the assumption 
that a station had to supply a load largely composed 
of traction supply, where a very peaky nature wa 
evident. Would the greater inertia of the water whee 
and its alternator cause smoother governing? Or 
the other hand, is the response of, say, the needle 
type governor gear fitted to some hydro-electric tur 
bines, slower than that of the governors fitted 1 
normal modern steam turbines? 

J. M. BELL 
16, Pembridge Gardens, Notting Hill, London, W2 
POWER 
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The Main Hydraulics Building 


Fourth Hydraulics Conference 


The present state of knowledge in the various 

phases of hydraulics was examined and the pro- 

ceedings of the conference will form a book entitled 

Engineering Hydraulics which will be published 
at the end of the year. 


HE Iowa Institute of Hydraulic Research, a de- 
Tae of the College of Engineering of the 

State University of Iowa, held the fourth of its 
triennial conferences at Iowa City in June. On this 
occasion 428 scientists and engineers from 40 states 
and the District of Columbia in the United States, 
and 14 foreign countries, attended. The conference 
was the most successful yet held. 

A review of the science of hydraulics was chosen 
as the theme of the fourth conference because of the 
great need which exists for a collection and classifica- 
tion of the present state of knowledge in the various 
phases of hydraulics. The proceedings of this con- 
ference will form a book, the title of which will be 
Engineering Hydraulics, to alleviate this need. Dr. 
Hunter Rouse, director of the Iowa Institute of 
Hydraulic Research, is the editor of the book and 
each of the chapters has been written by a man pro- 
minent in his field. Preprints of each chapter were 
available, so that constructive criticism could be 
made by those present as each subject was discussed 
in the technical sessions. So far as is known this is 
the first time the authors of a book have called in 
the readers as consultants before the book was pub- 
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lished. The authors made note of the criticisms 
offered and the new information ventured and are 
at present revising their chapters accordingly. It is 
expected that this task will be completed by the end 
of the year, when the book will be published by 
John Wiley & Sons, New York. 

There are 13 chapters in Engineering Hydraulics, 
each dealing with a distinct division of hydraulics. 
The first chapter, “Fundamental Principles of 
Flow,” has been written by Dr. Rouse and covers 
the general aspects of fluid mechanics. The second, 
“Hydraulic Similitude,” by Mr. J. E. Warnock, the 
director of the Hydraulics Laboratory of the Bureau 
of Reclamation of the United States Department of 
the Interior, is a description of the utilization of 
hydraulic models in the design of dams and other 
major hydraulic structures. Professor J. W. Howe, 
head of the department of Mechanics and Hydraulics 
at the State University of Iowa, reviews in the third 
chapter, “Flow Measurement,’ the theory and 
application of the various known devices used in 
the measurement of flow characteristics. A discus- 
sion of the fundamentals of meteorology and of the 
elements of the rainfall cycle including rainfall, 
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evaporation and runoff, is presented by G. R. Wil- 
liams of Knappen Tippetts Abbett Engineering Com- 
pany, New York City, in the fourth chapter “Hydro- 
logy.” Professor C. E. Jacob of the University of 
Utah gives in the fifth chapter, “Flow of Ground 
Water,” a thorough analysis of the flow of water 
in the soil. 

Perhaps the most widely known phase of 
hydraulics, the transporting of water in pipes, is 
covered fully by Dr. V. L. Streeter of the Illinois 
Institute of Technology, Chicago, in the sixth chap- 
ter, “ Steady Flow in Pipes and Conduits ”; and by 
Dr. J. S. McNown, Research Engineer at the lowa 
Institute of Hydraulic Research, in the seventh 
chapter, “Surges and Waterhammer.” The first of 
these chapters covers the steady case in its funda- 
mentals and in complex systems of interconnected 
reservoirs and pipe networks and the second covers 
the hydraulics of surges, surge tanks and _ water- 
hammer in simple and complex pipe networks. 

The next five chapters are devoted to the flow in 
rivers and other open channels. Chapters eight and 
nine describe flow which changes along the length 
of the channel—i.e. non-uniform flow. The first of 
these, “Channel Controls and Transitions” by Pro- 
fessor A. T. Ippen of the Massachussetts Institute 
of Technology, considers local changes in cross sec- 
tion and alignment in both subcritical and super- 
critical flow. The second, “ Gradually Varied Chan- 
nel Flow” by Professor C. J. Posey of the State 
University of Iowa, considers backwater behind 


dams and other variations of flow over long distances. 
The analysis of flow varying with time is treated in 
the next two chapters (10 and 11), “Flood Routing” 
by B. R. Gilcrest of the Ohio River Division, Corps 


of Engineers, U.S. Army, and “ Wave Motion,” } 
Dr. G. H. Keulegan of the National Bureau of Stay. 
dards, Washington, D.C. Chapter ten discusses yp. 
steady conditions in which channel resistance jis , 
governing factor; the next deals with those cong). 
tions in which resistance is not important. The prob. 
lem of the movement of sediment in rivers, canak 
and reservoirs is discussed in chapter twelve, “Seg. 
ment Transportation,” by Mr. C. B. Brown of th 
Soil Conservation Service, U.S. Department 
Agriculture. 

The last chapter “ Hydraulic Machinery,” by Pp. 
fessor J. W. Daily, of the Massachusetts Institute o 
Technology, covers the fundamental theory and de. 
scribes the characteristics of hydraulic turbine 
motors, pumps, couplings, and torque converter 
This, together with chapters six and seven, is th 
phase of hydraulics in which the mechanical en. 
gineer is most interested. 

Besides the technical sessions, several social event 
and two special addresses were scheduled. The firs 
was given by Mr. A. L. Alin, consulting engineer 
of Omaha, Nebraska, on “ Present-day Trends ir 
Hydraulic Engineering.” In it Mr. Alin discussed 
recent developments in the design of dams and 
hydro-electric power plants with emphasis on cur 
rent practice in Europe. The two salient trends he 
considered were the use of open longitudinal joints 


in gravity-type dams and the construction of under-§ 


ground power plants. Dean Franklin P. Thomas, 
president of the American Society of Civil Engineer, 
told of the water problems facing the United States 

Continued on p. 216 
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Flow Measurement in Pipeline 





Description of a salt velocity measuring 

device not often used in Great Britain. 

Particulars of tests are compared with other 
methods of assessing water flow. 


HE Nostie Bridge Station was one of the first of 
Tie North of Scotland Board’s Hydro-Electric 

stations to be put into service. It provides 
dectricity to the district round Kyle of Lochalsh, 
and a portion of the Island of Skye. The original 
unit, which embodies a 720 h.p. “ Turgo” impulse 
wheel made by Gilbert Gilkes & Gordon, was first 
connected to the commercial load in December, 1948. 
A similar set completing the power house equipment 
has since been installed and tested. 

Acceptance tests were run in May, and they are 
particularly interesting because the water used was 
measured not only by a standard sharp edged weir 
but also by the salt velocity method. The latter 
system has not often been used in Great Britain, and 
the results obtained are of interest to all who have 
to measure rates of flow of water in pipelines. The 
idea was introduced by Professor C. M. Allen in 
America but his methods were very different from 
those simpler ones which were used at Nostie Bridge. 

Fig. | gives diagrammatically the profile of that 
part of the pipeline where the salt velocity measuring 
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devices were employed. A concentrated solution of 
common salt was introduced into the pipeline at 
point A. At each of the points B, C, and D, electrodes 
(shewn in detail in Fig. 2) were fitted into the pipe- 
2M SALT INJECTION POINT 
‘i "C’ELECTRODE POINT 
PIPE 235” You 
940/97 B’ ELECTRODE POINT # 
PIPE 235"You D’ ELECTRODE 
\ POINT 
PIPE 225 You 
550/0"+- ~ 4 
268'3% 


— 


Fig. 1. Pipeline showing Salt Injection and 
Electrode points 


line; leads were taken from the electrodes to a 
recording ammeter in the power house. A direct 
current voltage ranging from 7 to 15 could be 


Nostie Bridge Station: the measuring weir with 
500 kW on one generator 
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from the alternator through , 
water cooled resistance. As 
soon as steady load conditions 
had been obtained a signal wa; 
sent from the power house by 
telephone to the operator 4 
the salt injection point. 
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Fig. 2. Sectional drawing of Salt Injection device 
8 J 


applied to any pair of electrodes, and the current 
passing between them was measured. A field tele- 
phone was installed between the power house and 
the salt injection point 

A sectional drawing of the salt injection device is 
given in Fig. 2. Essentially it is a cylinder, each end 
of which is connected to the inside of the pipeline 
but which can be isolated from it by valves. Both 
ends are also connected through valves to the 
atmosphere. The cylinder is fitted with a piston 
which can be pushed to either end of the cylinder by 
hand. By appropriate operation of the valves, the 
cylinder can be charged with salt solution, and the 
solution can then be injected into the pipeline by 
pushing the piston over its full travel, the pressure 
being balanced on each side of the piston. 

The device is simple and effective. As the injection 
point is a considerable distance above the first pair 
of electrodes the solution has ample time to mix 
intimately with the flowing water before it reaches 
them. The electrodes were designed to interfere as 
little as possible with the flowing water. 

When the turbine was being tested at overload 
and down to about half load, the top and bottom 
pairs of electrodes were used. For smaller fractional 
load tests, the middle and bottom pairs of electrodes 
were used. The procedure in making a test was to 
put the turbine on artificial load by passing current 
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A few seconds before the 
salt was due to pass the upper 
pair of electrodes the recording 
ammeter was started up and 
the current switched on. The 
reduced resistance of the water 
between the electrodes while 
the salt was passing allowed 
current to flow through the 
ammeter circuit, and it was 
recorded on a chart. The speed 
of travel of the chart under the 
ammeter pen was at the same 
time checked by a stop watch. 
As soon as the salt had cleared 
the upper pair of electrodes, 
the lower pair was connected 
to the recording circuit. Again 
the passage of salt caused a 
similar flow of current between 
the lower electrodes. The time 
difference on the ammeter 
chart between the points of 
maximum concentration of 
salt indicated the time taken 
for the water to pass from one 
pair of electrodes to the 
other. 

Fig. 3 
recorder 


reproduces a typical 
chart taken at a 
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Fig. 3. Salt velocity recorder chart 


load of 502 kW. It is evident from the chart thai 
there is very little additional dispersal of the sali 
solution along the pipe during its passage between 
the two pairs of electrodes. It appears that the dis- 
persal of the solution is rapid when it is first injected, 
but thereafter it is only very gradual. 

Table I on opposite page gives particulars of the 
tests. 

The weir was 10 ft. 114 ins. long and had full end 
contractions. Its detail is shown in Fig. 4. The read- 
ings of height over the weir were taken with a hook 
gauge reading to 0.001 feet. The formula used for 
computing the flow of water was that laid down in 
B.S.S.599. For comparison the table also shows the 
flow by Barnes’s formula for such a weir, had it been 
used. (Hydraulic Flow Reviewed by A. A. Barnes) 

It will be noticed that the salt velocity measure- 
ment of flow gives results considerably closer 
those calculated from Barne’s formula than from the 
B.S.S. formula, especially at low rates of flow. 

The volume of pipe between the pairs of electrodes 
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was 1,639 cubic feet for tests 1, 2, 3 and 4, and 823 
cubic feet for tests 17, 18 and 19. The most suitable 
concentration of salt was found to be one part salt 
to sixteen parts of water by volume, and the volume 
of solution injected at each test was 0.26 of a cubic 
foot. The total cost of the salt injection apparatus 
and the electrodes did not exceed £150. 

The efficiency obtained in these tests is considered 
to be very satisfactory, particularly in view of the 


plant and no adjustment of any kind in the control 
was made by hand. 

Fig. 5 relates to a governing test taken on the first 
turbine and made on a recording tachometer when 
the load was suddenly reduced from full load and 
from overload to zero. As the spear economiser 
mechanism was set for a very slow closing movement 
the resulting rise of pressure was only about 10 ft. 
above the static head. The pipeline has a total length 





Alter- 
nator 
Effc’y 


B.H.P. 
allowing 
1.5 for 
governor 


Load 


Head 
i in kw 


in feet 


90.0 
88.7 


! 
| Discharge in c.f.m. 
| Head over {| — ££ £@ — —_____ 
weir sill | a SS. 
in feet || BSS. Salt velocity’ discharge 
| formula method 


| /o 


84.3 


Effic’y 
—_____| based on 


Barnes 
formula 





0.673 | 1183 1193 1203 

0.587 962 975 970 85.5 
0.480 714 724 732 84.8 
0.380 504 510 502 83.3 
0.369 482 489 488.5 84.0 
0.249 | 272 274 275 78.5 
0.161 139 142.5 143.8 Fiat 








Tests 1, 2, 


3 & 4 taken May 2, 


1949, 


17, 18 & 19 taken May 3, 1949 


relatively small output of the plant and high specific 
speed. 

In test No. 4 the ratio of runner diameter to jet 
diameter was 4.6 to 1, and the turbine still had a 
substantial margin of capacity in hand. Throughout 
these efficiency tests. the governor controlled the 
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Fig. 4. Detail of measuring weir 
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0% SPEED 
100% SPEED 
[90% SPEED 











TRAVEL OF PEN) | 
Fig. 5. Governor tests at full load 


of 5,204 ft., and this rise of pressure must be con- 
sidered very satisfactory. It is worth noting, however, 
that it is very important with a long pipeline to take 
account of the rise of pressure which may occur 
following a sudden increase of load. To demonstrate 
this, the load was suddenly increased from zero to 
140 kW. It caused a drop of pressure to about 270 ft. 
followed by a rise of pressure to 600 ft. showing that 
under certain conditions of load application the 
pressure might rise to as much as 28 per cent. above 
the static pressure. This cannot be avoided or indeed 
substantially reduced except by making the speed of 
opening of the spear so slow that it would be un- 
acceptable on other grounds. The pressure at zero 
load was not measurably different from the static 
pressure of 470 ft. 

Thanks are due to the North of Scotland Hydro- 
Electric Board; the consulting engineers, Messrs. 
Kennedy and Donkin; Messrs. Bruce Peebles, the 
alternator manufacturers; and to the main con- 
tractors for their help given during the tests, and for 
their permission to publish the results. 


£A4,000 Post Filled 


After reducing to three the large list of applicants for 
the post of Chairman and General Manager of the Victorian 
State Electricity Commission the commission has appointed 
Mr. Ralph Hunt to the post at a salary of £A4,000, plus an 
entertaining allowance. Mr. Hunt, who is 58, is at present 
General Superintendent of the Yallourn brown coal generat- 
ing plant and briquette works of the Commission, which 
supplies most of the State’s electricity. Originally there were 
64 applications from Australia, the United Kingdom, U.S.A., 
India and the Far East, Newfoundland and Burma. 
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Scanlon Dam 


By SHERWOOD D. FORD (Beecher & Sandwell, Seattle, Vancouver). 

A comprehensive description of the problems affecting the choice of 

site and the building details of this concrete variable radius single 
arch structure on the Lois River in British Columbia. 





La digue scanlon, sur le lois, en colombie britannique, 
fut terminée Tan dernier. C'est un structure en béton 
armé comprenant un seul arc a rayon variable. Dans 
cet article sont traités les nombreux problémes con- 
cernant le choix du site, la preparation des fondations 
et les details de la construction. Les hypothéses sur 
lesquelles fut basé le plan final de la digue sont 
exposés en détail. 


La Pres@ Scanlon Dam en el rio Lois, en British 
Columbia, fué completada el pasado ano. Constituy 
una estructura de hormigon de arco unico y de radi 
variable, y en este articulo se discuten los mucho; 
problemas que afectaron la seleccion del terreno, \o 
preparacion de los cimientos y los detalles de con. 
struccion. Se describen de manera detallada \a 
presunciones de mayor importancia que constituyeron 
la base del diseno definitivo de la Presa Scanlon. 





structed on the Lois River in British Columbia 

it is called the Scanlon Dam. It is a part of a 
hydro-electric power development built by the 
Powell River Company to serve its pulp and paper 
mills. The power development was completed in 
three stages; work started in 1930 and it was com- 
pleted in 1948. The dam was built in the second 
stage of the development. It allows complete regu- 
lation of the flow from the Lois river drainage area, 
184 square miles in extent, on the western slope of 
the British Columbia Coast Range. 

The first stage, completed in 1931, required the 
construction of a temporary log crib dam (approxi- 
mately 2,700 feet upstream from the permanent dam 
site), a wood stave pipe between the temporary dam 
and the permanent dam site, and a permanent conduit 
between the permanent dam site and the power 
house on Scow Bay near the village of Stillwater 
(see Figure 1). The latter consisted of a concrete 
pipeline, a concrete-lined tunnel, and a steel pen- 
stock (with a steel surge tank). One 18,000 kVA 
turbine and generator, with transformers and related 
switch-gear, was installed in the Stillwater power- 
house. Space was provided for the future installation 
of a second generator and its auxiliary equipment. 
The temporary log crib dam was built to 450 feet 
in height (350 feet above tail-water at sea level), 
to provide storage of 72,000 acre-feet: sufficient to 
maintain a continuous flow of 730 second-feet. The 
continuous firm power thus developed was 12,200 
kW. In 1935, another log crib dam 649 feet high was 
constructed at the mouth of Horseshoe Lake. The 
continuous firm power was thereby increased to 
15,800 kW. 

In the second stage, completed in 1941, the per- 
manent concrete Scanlon Dam was built to 502 feet; 
20 feet less than its proposed final height. The tem- 
porary wood-stave pipeline between the temporary 


ip 1941 a dam of considerable interest was con- 
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log crib dam and the Scanlon Dam was removed 
At the junction between the permanent conduit and 
the dam, a permanent connection was made. The 
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Fig. 1. Map of Development 
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head gate and its operating equipment were installed 
at that time. Wooden flash boards 7 feet high were 
erected on the crest of the dam to control flood 
waters. A natural spillway was formed at 490 feet. 
This programme increased the continuous firm power 
to 16,200 kW. 

In the third stage, in 1947/48, the Scanlon Dam 
was raised to its final height of 522 feet. Spillway 
walls and spillway control gates were installed. The 
wingwall on the west bank was extended to allow 
maximum flood water to be carried to a safe dis- 
tance below the dam and to avoid damage to the 
dam foundation or to the pipeline on the other side 
of the river. At this time the second 18,000 kVA 
generator, with related transformers and switch-gear, 
was installed. Thus the development was completed. 

The Lois River System now provides 20,900 kW 
of continuous power, and it has sufficient storage to 
regulate the stream flow completely. 


General Description 

Scanlon Dam is a concrete variable radius single 
arch structure. The crest length is 653 feet. The 
maximum height is 195 feet. The general arrange- 
ment of the dam and spillway structure is shown in 
Figure 2; a table of radii in Figure 3; and a verti- 
cal section on the center line of the arch at the 
crest in Figure 4. The right abutment is completely 
on rock. Because the left bank is lower than the 
right, an artificial abutment or “ thrust block” was 
required to support the arch reactions. Advantage 
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was taken of the low left bank to provide a spill- 
way with tainter gates. A heavy gravity type wing- 
wall was provided as an extension to the thrust 
block. The purpose of the wingwall is to divert the 
spillway discharge to a point well below the dam 
before it is returned to the original channel; thus 
to avoid all possibility of damage to the pipeline 
on the opposite bank of the river. 

The design adopted was a variable radius arch. 
Both surfaces of the dam at any elevation lie along 
segments of a circle. The intrados and extrados are 
struck from different centers with different radii; 
providing a thicker section at the abutments than at 
the crown. Since the bending moments at the abut- 
ments (compared to those at the crown) are larger, 
and the thrust line is further from the center line,- 
the varying radius produces the most economic dam. 

Arches above 477 feet are struck from the same 
centers, thus producing a constant thickness from 
abutment to crown for any one arch. The arches 
below 477 feet are struck from different centers, with 
the intrados radii less than the extrados radii, thus 
producing thicker sections at the abutment than at 
the crown. The arches below 377 feet are struck with 
the same downstream radii and the same upstream 
radii from the same center. This produces a constant 
crown thickness with vertical faces both upstream 
and downstream at any section. 

The arches above 377 feet are shaped to provide 
2. Scanlon Dam layout 


Fig. 
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FIG. 3—TABLE OF RADII 





Upstream 


Crown 


447 
442 
437 
432 
427 
422 
417 
412 
407 
402 
397 
392 
387 
382 
377 
372 
367 
362 
357 
352 " z 
347 vA | 
342 : G 

337 v ‘ | 











Downstream 
Centre 
from “O” 

0.0 
3.5 
7.0 
10.5 
14.5 
18.5 
23.0 
aon 
32.5 
37.5 
43.5 
49.5 
56.5 
63.5 
72.0 
80.5 
89.5 
98.5 
107.5 
116.5 
125.5 
124.5 
143.5 
152.5 
161.5 
170.5 
175.9 
179.5 
181.5 
183.5 








” 








@ These Radii control the shape of the dam being connnected at any cross section by a straight line. 





a prominent overhang on the 

downstream face. This over- 

hang reaches a maximum of — 

14 feet 6 inches at 522 feet. P ee 
The thickness at the crown is 8 ; 
also reduced at higher eleva- 

tions. Thus the slope of the 

upstream face is greater than 

that of the downstream face. 

The reason for the overhang is 

to save material. It also helps 

the structure to withstand 

earthquake shocks. 

Although the structure was not analysed until 
1940, the type of dam and its location had to be 
settled in 1930 prior to the first stage of develop- 
ment. It was necessary to construct the conduit be- 
low the dam of permanent material, and that above 
the dam of temporary material. The end of the per- 
manent pipe had to be accurately determined. The 
dam was located after studying the relative costs of 
suitable structures of different heights at different 
locations. Four sites for the dam were considered. 
The first was approximately one-half mile below the 
lake outlet. The other three were in a rock canyon 
approximately one mile further downstream. Detail 
surveys were made and test holes were drilled at all 
four sites. 

The first location had a maximum of 15 feet over- 
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burden in the stream bed. It was considered to be 
suitable for a gravity dam. A site farther upstream, 
where the overburden was 35 feet in the stream bed, 
was considered to be suitable for an arch dam. The 
arch dam would have been the cheaper of the two. 
The objection to the site was that a supplementary 
dam would have been required over an adjacent 
valley for any reasonable reservoir height. The need 
for the supplementary dam made this location too 
costly. 

The second location was limited to an elevation 
of 490 feet. Above this height the crest length in- 
creased rapidly, due to a low spot in the rock 
surface. 
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The third site, because of heavy overburden and 
costly substructure wouid have provided an economic 
dam only at elevations higher than 530 feet. Again, 
supplementary dams would have been needed. 

The fourth site, the one adopted, was limited in 
height to approximately 520 feet. Above this height 
the cost would have increased at a rate out of pro- 
portion to the gain in power. 

Except for the supplementary dam at the first 
location, proposed as earth fill, only concrete dams 
were considered. The costs of gravity, constant radius 
arch, and variable radius arch structures (where 
suitable) were estimated. A variable radius arch at 
the fourth site proved to be the most economic. 


Available Power and Dam Height 

Preliminary investigations of the potentia) amount 
of power were carried out prior to 1930 when the 
log crib dam was built. These investigations were 
considerably hampered by a lack of accurate stream 
flow records. Those available were, therefore, ad- 
justed by comparison with those for Powell River. 
an adjacent watershed. Modifications were made for 
such items as relative elevations, snow storage, and 
reservoir area. Subsequent stream records (to 1939) 
confirmed the figures used in the preliminary work. 

A study of the mass curves for the Lois drainage 
area indicated that a continuous flow of 790 c.f.s. 
could be provided continuously over the driest sea- 
son. To maintain this flow, a storage capacity of 
325,250 acre-feet was required: equivalent to a dam 
elevation of 460 feet. The minimum elevation to be 
considered was, therefore, set at 460 feet. 

A dam to this elevation only was rejected for 
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Top: Section J complete, Trask Rack in place 
Above: Entry gate in position 


various reasons. First, some surplus storage was de- 
sirable for better control and for a warning of im- 
pending shortage. Second, “surplus power” (i.e. 
power over and above “firm power”) has distinct 
advantages in the pulp and paper industry. Since 
it is the cheapest power, it can be used to operate 
electric boilers. Third, a dam to a higher elevation 
increased the average effective head. Finally, a dam 
to this elevation on the site selected would have had 
to spill over its crest; no convenient location for a 
spillway was available. 

The maximum height of the dam was determined 
by a study of the relative costs of added height and 
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Facing F looking west, showing contraction joints 


the value of the power to be gained. At 520 feet the 
cost began to increase too rapidly to offset the gain in 
power. Further, at this height a convenient natural 
spillway became available at the left abutment. This 
elevation provided an average effective head of 
389 feet and a total storage of 442,250 acre-feet: 
sufficient to regulate completely the stream flow even 
if the 117,000 acre-feet surplus storage should be 
used for “ surplus power.” 

A careful geological examination of all four dam 
sites was made prior to locating the dam. At all 
sites, the rock was found to be quartz diorite or 
granodiorite of the Coast Range Batholith: a very 
hard volcanic rock whose constituents are particu- 
larly resistant to solution in water. The rock is un- 
bedded and fractured to only a limited extent. There 
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is pronounced _horizontg 
jointing. There are no majo 
fissures. There are some jp 
trusions or dykes but they ap 
particularly fine grained and a 
good as the rock. This material 
was considered excellent for y 
foundation for an arch dam 
The conclusions developgj 
from surface examination wep 
confirmed after all rock & 
cavation was completed. 

After the type of structure 
and its location had been deter. 
mined five different designs 
were studied in detail; but they 
were essentially similar. Ip 
order to examine the effect of 
different radii on stresses at 
different elevations the radii 
were varied. The effects of 
various amounts of down 
stream overhang were also 
studied. 


The choice of a method of 
analysis of the proposed struc- 
ture, and the factors to be 
considered in the analysis, was 
a major part of the design 
problem. During the years 1920 
to 1940, the theory of the 
structural action of arch dams 
developed considerably. Prior 
to 1920, all single arch concrete 
dams were designed according 
to the cylinder formula. This 


theory was based upon certain 
assumptions, several of which 
were invalid. In compensation, 
large factors of safety were 
employed. However, because 
of its simplicity, the formula is 


valuable. The Scanlon Dam 
preliminary designs were based 
upon it; but this could not be 
accepted for final analysis. 
The structure was, therefore, 
analyzed by other means. 


One of the more elaborate 
modern methods of analysis 
is the “Trial Load Method.” In this system 
the dam is assumed to be divided into horizontal 
arches and vertical cantilevers. The analysis is based 
on the fact that the deflection of any arch must be 
equal to the deflection of any cantilever at their point 
of intersection. From a knowledge of the load dis- 
tribution on existing dams, and with the help of 
certain tables, the distribution of the load between 
the cantilevers and the arches is assumed. The de- 
flections are then calculated. Should these deflections 
not be equal, the loads are redistributed and the 
process repeated. Many refinements are possible. In 
the first trials the major deflections only are con- 
sidered. This method is long and tedious. The re 
sults, however, agree very well with the observed 
deflections of existing structures. This system is suited 
only to very large and expensive structures and was 
not used in the analysis of Scanlon Dam. 
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Lois Dam: Pouring concrete in G section 


Professor Cain’s formula for thick arches was used 
in the analysis of the upper part of the dam; the 
“Hanna and Kennedy ” method for the lower. Both 
assume that all the water pressure is carried by arch 
action. No credit is given to vertical cantilever action. 
This is a conservative assumption for the lower parts 
of the dam. Because of the cantilever action of ver- 
tical sections it underestimates the loading on the 
upper part of the dam; a matter of minor im- 
portance because the thickness of the upper portion 
of the dam is decided by factors other than stress. 
The irregularity of the river valley made the exact 
determination of stresses practically impossible. 
Therefore, the more elaborate methods of analysis 
were not warranted. 

The analysis of arches below a height of 407 feet 
showed some tension in the abutments at the ex- 
trados. The arches above this elevation are in com- 
pression at all points. To make the tension effective, 
steel would have had to be placed in zones of ten- 
sion. No such steel was used. The structure will un- 
doubtedly crack to the depth required to relieve 
tension. The compression will increase accordingly. 
The arch will then assume the shape of a three 
centered arch, wholly in compression. A three cen- 
tered arch would have been a better arch structurally. 
However, the upstream face would have had to be 
filled out to prevent overhang upstream, resulting in 
a circular arch as constructed. The stresses in the 
downstream face were not sufficiently high to war- 
rant the addition of concrete at this point. It would 
safely assume the added load caused by the tension 
failure. Furthermore, the method used for analysis 
was conservative; cantilever action will materially re- 
duce the stresses, including the tension 


The following are the major assumptions upon 
which the design was based: 
(a) Full water pressure on each arch, no allowance 
for cantilever action. 
(b) Arch sections were considered to be horizontal. 
This is not entirely correct. The slopes cause 
some inclination of the loads and stresses. 


1949 


WATER POWER  September-October 


Each arch was assumed to 
be at a constant tempera- 
ture throughout its length. 
From actual measure- 
ments on other dams a 
temperature curve for the 
Scanlon Dam was con- 
structed. A drop below 
normal temperature only 
was considered. This drop 
ranged from nothing at 
340 feet to 26°F. at 522 
feet. Closure was made 
under conditions as close 
to normal temperature as 
possible. 
Since the area in which the 
Scanlon Dam is situated 
is relatively free of earth- 
quakes, little consideration 
was given to earthquake 
loads. The effect of earth- 
quakes with an accelerating 
force along the axis of the dam was considered. 
Forces at right angles to the axis were ignored. 
The arches were assumed rigidly fixed to the 
abutments. This is not entirely true, although 
steps were taken to provide as good a bond as 
possible. 
The structure was assumed to be continuous 
through the expansion joints. This is not true, 
and it is possible that some “ hinge effect” 


could be developed at the contraction joints. 
These joints were not grouted. 


Structural Considerations 

The more prominent structural features of the 
Scanlon Dam are the absence of upstream overhang 
at the abutments and the presence of downstream 
overhang at the crown. 

Abutment overhang on the upstream face has 
structural objections for two reasons. First, with up- 
stream overhang at the abutment the hydrostatic 
pressure of the water has a vertical component which 
is transmitted to the abutment. Second, it moves the 
gravity center upstream and, therefore, detracts from 
the gravitational stability of the section when the 
reservoir is empty. For these reasons the dam was 
designed to have no upstream overhang at the 
abutments. 

Downstream overhang has a definite structural ad- 
vanetge; the center line of each successive arch can be 
moved successively downstream. With the flatter arches 
near the top of the dam, this minimizes both the 
upstream overhang at the abutments and the amount 
of material required to prevent it. Although the over- 
hang happens to contribute to the gravitational in- 
stability at the crown, it is limited to an amount 
which would not seriously endanger the stability of 
the section. On the other hand, it contributes to the 
earthquake resistance of the structure. The 14 feet 
6 inches overhang on the Scanlon Dam is estimated 
to have saved approximately 3 per cent. of the cost. 

The artificial abutment (thrust block) at the west 
abutment was necessary because the ground at this 
point was not of sufficient height to resist arch action. 
The block is effective by virtue of its weight and the 
location of its center of gravity. The block was de- 
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signed after the maximum arch reactions were cal- 
culated. The weight is such that it resists end thrust 
by its sliding resistance. Its center of gravity is such 
that it resists shear by its overturning resistance. The 
contraction joints on the thrust block were provided 
with copper water stops and were grouted. 

The major portion of the excavation was in the 
bed of the river where approximately 50 feet of 
overburden was removed. It was necessary to ex- 
cavate under all conditions of stream flow. During 
low runoff periods all the water was discharged 
through the one installed turbine and through the 
shut-off valve for the future turbine, both at Still- 
water. The level of Horseshoe and Lois Lakes was 
drawn down during low flow periods and raised dur- 
ing high flow periods. This reduced the peak flows 
to a point where no serious damage or inconvenience 
was caused by flood water. 

Well points, at approximately 5 feet centers, were 
driven into the gravel to a depth of approximately 
20 feet; and these, with water pumps and three sludge 
pumps, kept the excavation dry enough for economic 
excavation. Excavation in the stream bed was done 
one section at a time. 

Because of the need to keep the installed turbine 
in operation as long as possible, special precaution 
was required to hold the penstock in position while 
excavating and while pouring concrete. A Howe 
truss was constructed to support it during this period. 
During excavation the ground supporting the truss 
began to settle and it became necessary to extend 
a pier through the gravel to rock. The pier was of 
reinforced concrete. The dam concrete was poured 
around it. 

To provide additional drainage while excavating 
the lower sections of the dam, an additional drain- 
age pipe 8 feet diameter was provided in section 
G at a height of 382 feet. 


Foundation Preparation 

Since the design analysis was made on the assum- 
tion that the arches were fixed at the abutments, 
everything was done to realize this assumption. The 
foundation was cleared of all loose or weathered 
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rock and was _ thoroughly 
cleaned before concrete wy 
placed. A heavy coat of rig 
mortar was brushed over fhe 
surface immediately _ befor 
placing the concrete. Wher 
concrete was laid under wate 
a richer mix was used. 

A central batch and mixi 
plant was installed downstream 
from the dam. All material was 
weighed, and sufficient for one 
mix was maintained in fhe 
batch hoppers until the mixe 
was emptied. The concrete was 
deposited in bottom-opening 


Left: Lois Dam—general view 

of completed dam. Below; 

Head Gate in place at “J” 
section 


dump buckets, loaded on to flat cars and transported 
to a place where a derrick could pick them up. Five 
derricks were distributed over the operation. All com 
crete lifts in each section were 5 feet high, and wert 
deposited in three layers of 20 inches each. Vibrator 
were used to provide good bond with the lower layer 
and to assure good appearance when the forms wert 
stripped. At the start of each lift the old surface 
was carefully cleaned, and a } inch layer of mortal 
was placed over it. The time between successive 
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pours was first set at 72 hours, but was later reduced 
to a minimum of 40 hours. Forms were left in place 
for a minimum of three weeks. Extremely low tem- 
perature was never a problem in pouring concrete. 
However, whenever the temperature dropped to 
40°F., hot water at 110°F. was used to provide a 
concrete temperature of 50°F. 

Careful control over the concrete was maintained 
at all times. During the first stages of construction 
some experimental work was done to determine the 
most economic mix. The majority of the concrete was 
mixed with 370 pounds of cement per cubic yard. 
The slump was 1-2 inches. At the bottom of the 
stream bed, in sections H and J, the first concrete 
was poured under water. The cement content of the 
concrete was increased to 570 pounds per cubic 
yard and the amount of coarse aggregate reduced. 
The water cement ration was controlled to provide a 
minimum compressive strength of 3,000 p.s.i. in 28 
days. The actual minimum recorded was 3,104 p.s.i. 
and the maximum 4,525 p.s.i. 

To control cooling and shrinkage of the concrete, 
and to facilitate construction, 30 contraction joints 
were provided in the complete structure. Sixteen of 
there were in the main arch, the others were dis- 
tributed throughout the balance of the structure. The 
faces of the joints in the arch (with the exception 
of No. 9) were not plain surfaces. The joint at any 
given elevation is a radial line, coinciding with the 
intrados radius for that elevation produced to the 
upstream face of the dam. Each joint rotates about 
a single vertical line. This spiralling effect is neces- 
sary to maintain the joint normal to the arch thrust 
and thus to reduce the shear on the joint. The joints 
are stepped as shown in detail in Figure 2. A copper 
waterstop (Figure 5) is provided in the upstream face 
of all joints. Successive sections of this strip were 
rivetted and brazed together to give a continuous 
section from top to bottom. 

Throughout the whole of the construction pro- 
gramme it was necessary to keep the existing pipe- 
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line and generator in service. 
Use of water in the turbine 
also reduced the amount of 
water to be passed at the dam 
site. Accordingly, the pipe was 
supported in position by the 
Howe truss already described. 
When the concrete in the 
section under the pipe had 
reached an elevation just below 
the pipe (400 feet) the power 
plant was shut down, the truss 
removed and a new welded 
steel penstock installed. The 
latter was supported on con- 
crete cradles over the dam 
surface and on steel cradles 
downstream. The headgate seat 
(and the temporary connection 
to the existing woodstave pipe) 
was also placed. The penstock 
and power plant were then 
placed in service. The head- 
gate section (J) was then 
completed to final elevation and the gate and its 
equipment installed. When the dam reached 457 feet 
in height (the crest of the temporary log crib dam) 
the power plant was again closed down, the wood- 
stave pipe to the old dam was removed and the log 
crib dam was destroyed. Because of the relatively 
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6” 
Fig. 5. Copper water stop 





small storage space between the two dams, that 
space filled rapidly. The power plant was placed in 
service again in two days. 


The Final Stage 

During 1947 the Scanlon Dam was raised to its 
final height; the spillway and taintor gates were in- 
stalled. The general arrangement and design of this 
work was determined in 1940. 

The dam and thrust block were raised first, and 
this work was done during the heavy runoff of the 
spring and early summer. Later, during the low run- 
off period, the taintor gate section was completed. 

To place the concrete on the main arch a timber 
scaffolding was constructed the full length of the 
dam. Bottom opening dump buckets were used to 
carry the concrete to the dam, and they were trans- 
ported on flat cars running on steel rails. The con- 
crete plant was placed at the west abutment. The 
contraction joints with waterstops were continued 
the full height. 

During the low runoff season the rock and gravel 
in the spillway channel was excavated to the desired 
height. The approach trestle to the main arch was 
constructed over the spillway structure and was used 
to place concrete. The concrete and gates were in- 
stalled in time to store the heavy winter runoff of 
1947. 

Continued on p. 216 
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India’s Major Schemes 





A Correspondent emphasizes the need for an abundance of electrical 
energy to satisfy the growing industrial demand. Hydro-electric 
schemes rank high in the economic planning of the new states. 


I this critical stage in the transition of India and 

Pakistan to their new regimes consideration of the 

economic situation assumes a special importance. 
What is clear above all else in surveying the prospect 
is that both States have a single overriding problem 
to solve; namely, the unsatisfied demand for industrial 
power which alone can raise the standard of living 
of the millions of both countries. The continuous 
growth of that demand brings forward with redoubled 
emphasis the urgent need for employing all those 
resources for hydro-electric power that have been so 
long neglected, often, no doubt, for perfectly good 
reasons, but none the less to the detriment of countries 


which must live and thrive by their industrial expap. 
sion and development. 

India to-day is a field set for foreign investmey 
and enterprise on a large scale. That truth has, in fag 
been the burden of significant speeches by the Prim 
Minister of India in recent months. Mr. Nehm 
explaining the regulations governing the participation 
of foreign capital in the national development, ha 
made it clear that the object of such regulations mug 
be the utilization of foreign capital in a manner mog 


Some of the principal existing and projected 
hydro-electric stations in India and Pakistan 
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advantageous to the country. Indian capital, he recog- 
nises, needs to be supplemented from outside “because 
scientific, technical and general knowledge and capital 
equality could best be secured with the help of foreign 
capital.” 


Basis of Agreements 

Clarifying the position of the foreign investor Mr. 
Nehru has indicated that relations between such in- 
vestors and the Government would be governed by 
contract, and not by any policy of nationalization. 
“The Government of India,” he has declared, “ does 
not intend to nationalise for ten years because they 
have not the resources to do so.” At the same time it 
must be noted that the industries listed for national- 
ization eventually are those dealing with defence, and 
basic products such as power and public utilities, have 
the assurance from the Prime Minister that, if and 
when foreign enterprises are compulsorily acquired, 
compensation would be paid on a fair and equitable 
basis. 

So much then, for the political background and 
the economic need. The general effect of the lines 
on which hydro-electric development is now being 
planned in India will be that the present installed 
capacity of 2.2 million kW will be increased to some- 
thing approaching 15 million kW, while 27 million 
acres will be added to the 48 million already irrigated 
-an increase of more than 50 per cent. Even this 
power potential is far short of the 30 to 40 million 
kW estimated to be obtainable from the full resources 
of the country. Indeed, when present projects are 
brought to fruition India will rank third among the 
world’s electrified countries, with the United States 
and the U.S.S.R. first and second respectively. Yet not 
so long ago Calcutta and Bombay between them con- 
sumed half the total power produced throughout 
India, although having a population representing only 
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Sr, 


Walwhan Lake dam, one of a number ensuring steady 
power supplies to the Tata generating stations all the 
year round 


about one per cent. of the whole. Again, but two 
years ago industry was absorbing nearly twice the 
energy sold to all other consumers. Of a total of 3,356 
million kWh of energy sold in 1947 industry claimed 
more than 63 per cent. When partition came, out of 
an aggregate of 545 electricity undertakings in what 
formerly was known as India, 80 went to Pakistan; 
but in installed capacity and production of electrical 
energy the proportion passing to Pakistan was only 
4 and 5S per cent. 


State-owned factory 
As a first step towards changing the entire situation 
relative to power supplies the Government of India 
has this year signed an agreement with two firms of 
consulting engineers—one British and one American 
-for drawing up project reports dealing with possible 
sites for the location of a Government-owned factory 
for manufacture of heavy electrical power plant and 
electrical goods. These reports on capital costs, plant 
to be produced, raw materials necessary, and cost of 
production are expected to be ready shortly, and on 
their nature much future progress will depend. It is to 
be hoped they will follow the urgent recommendation 
made earlier this year by Mr. N. V. Gadgil, India’s 
Minister for Mines, Works and Power. To the gather- 
ing of power engineers from all over India he stressed 
the urgency for engineers who had hitherto thought 
in terms of targets and broad requirements to break 
down the cost of schemes into yearly figures commen- 
surate with the country’s financial capacity. 
What then of the specific schemes either in pre- 
paration or contemplation? They are many and 
various, and only the more important among them 
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can be touched upon here. But we have it on no less 
an authority than Mr. A. N. Khosla, President of the 
Central Board of Irrigation, that the completion of 
any one of these major projects would in turn provide 
enough additional food to overcome the country’s 
present deficit, and enough power to start several 
heavy industries of first importance to economic 
recovery. 


Damodar Project 

The Damodar Valley project is the outstanding 
multi-purpose scheme in Western Bengal. Its eight 
dams and a barrage along the river Damodar, by 
canalising the flood waters, will have the result of 
reducing wastage that now takes place every year 
through the widespread flooding of the area. All 
except one of the dams will be for storage, and all 
will be equipped with hydro-electric generating plant. 
Thus, at a cost of something rather more than £41 
million irrigation will be provided for 750,000 acres, 
and 3,000 kW of power will be generated. Work on 
the first of these dams is in progress, and it is con- 
fidently anticipated that, given reasonably stable 
conditions, the whole work will be completed in seven 
years. Orders for the thermal power stations (each of 
15,000 kW) have been placed, and detailed designs of 
one of the dams and reports on two others have been 
prepared. 

The Bhakra scheme, in eastern Punjab, is to have 
a dam 480 feet high built across a gorge on the River 
Sutlej, giving a reservoir of 3.5 million acre feet 
capacity. Approximately 200 miles of canals will be 
needed for the new irrigation system, which will 
embrace about 4.5 million acres. Power of the order 
of 160,000 kW will be generated and the estimated 
cost of the whole undertaking is £52,500,000. Work 
here is fairly well advanced, and there is a possibility 
that the height of the dam ultimately will be raised 
by 100 feet, thus increasing appreciably the area to be 
served either for power or irrigation purposes. Here 
again, seven years is given as the time necessary for 
the completion of the project. 

Closely associated with the Bhakra scheme is that 
of Nangal, also in eastern Punjab. From the weir 
athwart the Sutlej a few miles from the Bhakra site a 
canal will run to the two power 
stations, each operated by a 98 
feet fall. When the Bhakra 
Operations have been com- 
pleted each of these power 
stations will possess an in- 
stalled capacity of 72,000 kW. 

Going eastwards across the 
southern slopes of the Hima- 
layas we come to Nepal, with 
its wealth of untapped power. 

The Kosi Dam scheme pro- 
vides for a 750 feet high dam 
across the Chatra Gorge to 
store about !1 million acre feet 
of water, with power plant 


lake and dam, 
Bhira power 
provide the _ largest 
single source of hydraulic 
power to the Tata hydro- 
electric system 


Mulshi 
the 
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capable of generating 1.8 million kW of power at § 
per cent. load factor. Additionally the barrage to by 
placed across the Kosi will divert supplies from the 
river into two canals, one from either bank, to irrigate 
about a million acres in Nepal. Near the boundan 
with Bihar another barrage with two canals will bring 
irrigation to over two million acres in Bihar at ay 
estimated cost of £67,500,000. 

The Mahatma Gandhi plan for hydro-electric de. 
velopment, utilizing the famous Jog Falls in Mysore, 
is also intended for irrigation and power. A 104 fee; 
high dam and a storage capacity of 6 million acr 
feet will be supplemented by a diversion from the 
storage into the power plant, the generator being 
the foot of the gorge. The first generating unit a 
Mysore has been operating for about 18 months a 
1,260 kW. Total installed capacity of the power 
houses will be 120,000 kW. 

Other schemes are the Tungabhadra, a joint effor 
by Madras and Hyderabad with a 160 feet high dam 
designed to store 2.6 million acre feet of water. The 
Chambal scheme, on the river of that name in the 
Madhya-Bharat Union, will provide 28,000 kW of 
continuous power, and irrigate about 100,000 acres. 

Work is now going forward on the Hirakud project 
for the first of the dams to be constructed across the 
Mahanadi River in Orissa. Here three dams—Hira- 
kud, Naraj and Tikarpara—will finally form part of 
a unified scheme irrigating over a million acres and 
generating 350,000 kW at a cost of between £6 and 
£7 million. 

The wide significance to India of all these scheme § 
in terms of standard of living for the people has been 
most graphically described by her Prime Minister 
when he addressed the Central Board of Irrigation 
in New Delhi. “ With the proper utilization of her 
resources,” he declared, “ India could raise the stan- 
dard of living of her people very greatly. How can we 
use these? There are many ways, but essentially it is 
the job of engineers to tap this vast power. The river 
valley schemes more or less scratch the surface, and 
many generations may pass before we have gone far 
in exploiting this tremendous power.” 
the High 


Photos by courtesy of H.E Commissioner for Ind.a 
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Norway 





A short description of the Nore development 
which marked an important stage in the post-war 
reconstruction of Norwegian industry. 


ORWAY is a country of mountains, forests 
Nana rivers. With regard to natural resources 

she is usually considered a poor country; but 
Norway has one thing that most countries in 
Europe envy: an abundance of waterfalls and power- 
ful rivers, which supply the country with cheap elec- 
tricity. As yet, however, only a comparatively small 
part of Norway’s big waterfalls have been dammed 
and utilized for generating power. 

A total regulation of the country’s rivers and big 
waterfalls would mean that the Norwegian power 
stations could work at a capacity of 9.2 million kilo- 
watts. To-day, the total production of electric power 
is only about a fifth of this assumed capacity, and 
there are still great parts of Norway which have no 
electric power. This is mostly due to the fact that 
there are enormous difficulties connected with the 
work of getting the electricity through to isolated 
parishes, islands, and the steep valleys. 

If all suitable rivers and waterfalls in Norway are 
dammed for the purpese of generating power, Nor- 
way will have more electricity than the country really 
needs; but other countries are not in the same for- 
tunate position and Norwegian engineers are dis- 
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cussing and planning projects for the export of power 
—projects which only some twenty years ago would 
have seemed quite fantastic. Experts hope that Nor- 
wegian electricity in the future might be an export 
article equalling the importance of fish and wood 
pulp. The Danes, for instance, are potential cus- 
tomers of Norwegian electricity; but it must be 
emphasised that the immediate problem is to secure 
enough electricity for the country’s own need. 

Norway is working systematically to utilize its big 
waterfalls. Several great dams and power stations 
are under construction, and plans are ready for other 
great projects One of the latest power stations to 
be put in action was Nore II. This was the second 
station in the gigantic Nore enterprise, the biggest in 
Europe outside the U.S.S.R., with a total capacity 
of 225,000 kilowatts. Nore I has a generating capacity 
of 175,000 kilowatts, while the capacity of Nore II 
is 50,000 kilowatts. 

The construction of the Nore works, which is 


The Tunhdvd concrete dam, 275 metres long and 
26 metres thick 





owned and operated by the 
State, began with the building 
of the Tunhévd dam, the big- 
gest in Norway with a capacity 
of 360 million cubic metres. 
The Nore works use the 
waters of Numedalslagen, one 
of the biggest rivers in Norway. 
This river has been utilized by 
the farmers of the valley of 
Numedal for several hundred 
years. As early as in the six- 
teenth century we hear about 
mills along this powerful river, 
which gets its water from the 
vast spaces of Hardangervidda, 
where there is snow most part 
of the year. On its way down 
towards the sea the Numedals- 
lagen forms two great lakes in 
the mountains—one of them is 
Tunhévd lake—and both have 
been dammed. At Tunhdévd, 
which lies about 10 kilometres 
from the power station Nore I, 
a concrete dam 275 metres long 
has been constructed. The 
artificial lake thus formed is 
far bigger than the small lake 
Originally placed there by 
nature. From this dam a tunnel 
has been excavated through 
the mountains to a small place 
called Aasgaard, which lies on 
the top of the mountains above 
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station, pipelines and iron masts carrying the high tension 
The Roedberg dam with pipelines in the background 
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the power station. Through this 
tunnel, the water now flows 
lazily from the Tunhévd dam 
to Aasgaard, where the water 
is directed into seven pipelines, 
nearly one kilometre long, 
which leads from Aasgaard to 
the power station situated in 
the bottom of the valley. 
Through these gigantic pipe- 
lines the water roars down on 
the turbines of the power 
station. The fall of the water 
is 360 metres. If one of the 
pipelines should burst, and 
such accidents have happened 
—the flow of the water can be 
stopped by closing a valve at 
Aasgaard. After passing 
through the turbines of Nore I, 
the water flows into the Uvdal 
river, One of the numerous 
tributaries of the Numedals- 
lagen. 

Nore II is situated 7-8 kilo- 
metres further down the valley, 
the difference in height between 
the two stations being about 
100 metres. The principle be- 
hind the operation of the 
second power station is to 
utilize twice the water used for 
generating power at Nore I. 
The same principles are applied 
by the T.V.A. in the United 
States. The Uvdal river has 
been dammed below the power 
station Nore I. This concrete 
Roedberg dam, 26 metres high, 
has cylindric form, and it has 
been possible to reduce the 
thickness of the wall to less 
than a yard. The filling of the 
dam started in October, 1946, 
when the flow of the river was 
barred and the water started to 
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reservoirs for Nore ll. Torpedo 

net installed by the Germans 
still remains 


Left: Water gushing through 

dam opening, when closed 

water rises to one metre from 
top of dam 


WATER POWER September-October 215 





rise, and it was completed 
within a day. A new artificial 
lake has been created at Nore, 
completely changing the face 
living in these houses had to be 
of nature. This lake to-day 
occupies a great plain where 
formerly there were several 
farms and houses. The families 
evacuated and all houses were 
pulled down or burnt before 
the filling of the dam _ took 
place. Nore I lies on the shore 
of the artificial lake. From this 
lake a tunnel was excavated 
through the mountain to the 
new power station, Nore II, so 
steep below. Nore II with its 
two turbines has a capacity of 
50,000 kilowatts; the power 
generated is sent back to the 
transformer station at Nore I, 
and from there the power is 
distributed throughout Eastern 
Norway by means of high 
tension wires to Oslo and the 
small town of Toensberg. 

The total cost of the Nore 
works was £5 million. Their 
completion is one of the most 
important factors in the econo- 
mic field since the liberation, 
and it marks a big step forward 
in the industrial reconstruction 
of Norway. 























The Transformer Station 





Fourth Hydraulic Conference: from p. 198 


to-day, in the second address “ Water: The Nation’s 
Heritage and the Engineers’ Responsibility.” 

At the close of the technical sessions staff members 
of the Institute gave demonstrations in the Hydraulics 
Laboratory and the laboratory annex of projects in 
progress. Of particular interest were the new air 
tunnel, the water tunnels, the tilting flume, the bridge- 
pier studies, and the student laboratory. The new 
air tunnel recently finished in the laboratory annex 
has a 5-foot octagonal cross-section in which the 
velocity can be varied from zero to 100 feet a 
second. It has been designed and built with the 
support of the Office of Naval Research, U.S. Navy, 
for investigations of boundary layer phenomena of 
rough surfaces. 

fhe two Institute water tunnels are used for fun- 
damental studies of cavitation; the older tunnel has 
a 13-inch diameter throat, while the new tunnel, 
soon to be completed under the Office of Naval Re- 
search sponsorship has a 24 by 6-inch throat. The 
105-foot tilting flume being built for sediment studies 
under Office of Naval Research auspices will be the 
longest flume in the United States in which the slope 
can be varied while in operation. The study of the 
effect of scour around bridge piers which the Insti- 
tute is conducting for the Iowa State Highway Com- 
mission and the U.S. Public Roads Administration 
was of great interest to the practicing civil engineers. 
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The student laboratory, on the other hand, was of 
particular interest to teachers of hydraulics. This is 
the most modern fluid mechanics laboratory in the 
United States and various units have been copied 
by many other universities. 





Scanlon Dam: from p. 209 


To ensure the complete safety of the dam founda- 
tion and the penstock on the other side of the river 
the wingwall was extended beyond the 1941 construc- 
tion. Before deciding on the design of the wingwall 
extension, two of the spillway gates were opened and 
the flow studied. As a result of this study the wing- 
wall was extended 120 feet. This extension is shown 
in Figure 2. 

The dam was designed by Mr. B. C. Condit, of 
Oakland, California. In 1940/41, construction was 
carried out by the Stuart Cameron Company, Van- 
couver, B.C.; in 1947/48 by the B.C. Bridge & 
Dredging Company Ltd., also of Vancouver. 
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Resources in Greece 


Schemes being arranged under the guidance of the Econ- 
omic Co-operation Administration Mission in Athens. 








EFORE the war little attempt was made to exploit 

Greece’s natural water resources for the produc- 

tion of electric power. A measure of this lack of 
development is the fact that to-day of a total electricity 
capacity of 258,000 kilowatts, including 156,000 kilo- 
watts owned by public utilities, all but 8,000 kilowatts 
are thermal. 

A group of American engineers has recently arrived 
in Greece to make a survey of water resources, 
and to report both on the possibility of developing 
hydro-electric power and on allied questions of 
flood control and irrigation. The survey is expected 


hel 


to take from nine to twelve months and any detailed 
estimate of the schemes which will finally take shape 
must naturally await the results of the survey. 

The following details, relating to the proposed 
development of public utility undertakings over the 
period 1948—1953, may be useful as a guide to the 
results which it is hoped to obtain from the exploita- 
tion of water resources; but these proposals may well 
be over-optimistic. 

By the end of 1953 the total electricity output of 
Greek public utilities is to be raised from the present 
figure of 476 million kilowatt hours per annum to 
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1,360 million kilowatt hours per annum, of which 
1,193 million kilowatt hours will be produced from 
hydro-electric installations. The total electric capacity 
is to be increased from 156,000 kilowatts to 619,000 
kilowatts. The following figures show the annual 
progress which it is hoped to achieve:— 








kilowatts; annual production 470 million kilo. 
watt hours. 
Finally, the four-year plan calls for the study of the 
following projects: — 
Acheloos (second stage)—A further capacity of 
120,000 kilowatts; annual production 609 


ANNUAL CAPACITY—1948 to 1953 
(in thousands of kW) 














1948 . 1950 1951, 1952 1953 __ 
Thermal .... 148 169 183 211 245 245 
Hydro-Electric . . 8 8. 8 9 89 374 
Total 156 177 191 | 220 334 619 
Annual increase 11.3% 7.9% | 11.5% 51.6% | 85% 
OUTPUT 
(in million kWh) 
1948/49 |_——«1949/50 | 1950/51 ff ——_ 1951/52 |—_—1952/53 
Thermal > i 476 | 534 630 620 167 
Hydro-Electric . . 10 | «10 | > 10 = 170° Z : 1193 
Total 486 544 640 790 1360 
Annual increase | 12.6% 17.3 23.71% Ta3 


The plan envisages the building of five new hydro- 
electric plants, with a total capacity of 365,000 kilo- 
watts. These will, it is hoped, be sited on the Ladhron, 
Vodas, Louros, Vouraikos and Acheloos rivers. 

Particulars of the projects which it is hoped to 
develop are given in the following table:- 


NAME OF PLANT| AREA SERVED CAPACITY 








million kilowatt hours. 
Nestos River— Capacity 120,000 _ kilowatts; 
annual production 530 million kilowatt hours. 
Aliakmon River (second stage) — Capacity 
150,000 kilowatts; annual production 880 
million kilowatt hours. 


ANNUAL SCHEDULED DATE 


_PRODUCTION | OF COMPLETION 

















| 
Ladhon River . . | Athens/Piraeus 60,000 kW 240,000,000 kWh Jan. 1, 1952 
Vodas River . | Salonika . . | 20,000 kW 73,000,000 kWh Jan. 1, 1952 
Louros River .| Epirus and local | 20,000 kW 30,000,000 kWh Jan., 1952 
| _ (also irrigation) . | 

Vouraikos River | Patras (also flood | 45,000 kw 120,000,000 kWh June 30, 1952 

(dam) a oe | control) “ae 
Achelous River | Central Greece (also | 220,000 kW 740,000,000 kWh June 30, 1952 

(dam) . | flood control and 

irrigation) 
The Acheloos scheme is intended to supply Alfeios River—Capacity 30,000 kilowatts; annual 


chemical and fertiliser industries which it is planned 
to establish in Central Greece. As will be seen below, 
it is hoped to develop it in two stages, with a final 
capacity of 340,000 kilowatts and an annual produc- 
tion of 1,340 million kilowatt hours. 

In addition to the schemes definitely planned, the 
Greek four-year plan also envisages the study of 
further developments. 

The following projects are scheduled for study and 
designing by 1952: 

Xerias River—Capacity 12,000 kilowatts; annual 
production 30 million kilowatt hours. 

Lisse Swamp (near Drama)—Capacity 40,000 
kilowatts; annuai production 100 million kilo- 
watt-hours. 

Aliakmon River (first stage}—Capacity 120,000 





production 100 million kilowatt hours. 


_ These latter figures are, of course, extremely tenta- 
tive; and it is doubtful whether any of the projects 
scheduled for study will ever reach the blue-print 


stage. Even the first five projects are subject to the 


report of the surveyors who have only recently begun 
their task, and the date of their completion will 
depend above all on the early end of the bandit war 
and the restoration of settled conditions in Greece. 


The schemes are being developed under the 
guidance of the Economic Co-operation Administra- 
tion Mission in Athens, any further inquiries for 
detailed information should be referred to the E.C.A. 
Mission, Metochikon Tameion Building, 4 Winston 
Churchill Street, Athens. 
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Turkey’s Power Potential 








—_—— 


HE Turkish Bureau of Electrical Study was 
T established twelve years ago to examine and assist 

in developing the power resources of Turkey, and 
has concentrated on a comprehensive survey of hydro- 
electric power potentials. Turkey’s main rivers have 
been studied from their source down to their estuaries, 
and in view of the difficult nature of the terrain in 
many parts this survey has been an extremely arduous 
undertaking. 

The results of surveys on 35 rivers and three lakes 
over this period, show that water power plant can be 
established at 75 to 100 sites with a total power 
output of 1,400,000 kW for 180 days in each year. 
Taking into account the storage capacity made avail- 
able by dams when the plants are installed, it is 
estimated that 15 billion kWh a year could be 
generated. These figures compare with the Turkish 
power position in 1947 when, of 6 million kWh total 
power production within the country, only 5 per cent. 
came from water power sources. 


Four Main Regions 

The Bureau has prepared a programme which deals 
with the four main regions most likely to provide the 
best sites in relation to the industrial needs of the 
country. The first is the Caglayik power plant, where 
the design work has been done by the Swedish firm 
Sentab-Vbb. The plant is to be situated on the 
Sakarya river, and envisages two dams of 110 feet 
and 150 feet respectively, forming lakes to hold a total 
of 880 million cubic yards of water. The power plant 
which will comprise three 12,000 kW units will be 
built at the site adjoining the dams, 230 feet below 
ground, and it is hoped will produce between 120 to 
150 million kWh each year. 

The power will be transmitted by a 50 mile 
line to Ankara and for another 35 miles to Kirikkale. 
It is estimated that the cost will be about from 10 
million to 12 million American dollars, and that the 
plant can be made a paying proposition after the 
building period estimated at four to five years. 

The second project studied by the Bureau of 
Electrical Study is the Saryiyer plant, also situated on 
the river Sakarya. Here a dam of 230 feet in height 
is planned to provide a reservoir to feed turbo- 
alternators totalling 75,000 kW, which will yield from 





350 million to 450 million kWh each year. A 150 mile 
transmission line will be needed to take the power to 
Izmit and Istanbul. The total cost of the project is 
estimated at about 27 million dollars. The completion 
of these two projects on the same river will result in 
the complete control of its flow; thus aiding the 
country’s agricultural resources by protecting the 
fertile country on the lower course of the river. 

Third comes the Adala plant, which is designed to 
meet the power demand of the Aegean region. This 
plant would be situated on the Gediz river, and would 
need a 200 feet high dam, which would serve also to 
control the very irregular discharge of this river, thus 
assisting irrigation in the adjacent agricultural regions. 
It is estimated that the plant would produce 150 
million kWh a year, and would cost from 15 million 
to 17 million dollars. 

Finally, the important cotton area known as the 
Adana region will be served by a power plant to be 
built at Kadincik. Here a tunnel five miles in length 
would be needed to carry water to three generating 
units of 7,500 kW each; the station would produce 
about 140 million kWh a year. The cost of this plant 
is estimated at about 5 million dollars, and it is hoped 
that as well as having a considerable influence on the 
development of the cotton industry, the plant will 
make it possible to improve the transport facilities by 
enabling railway electrification schemes to go forward. 


Need for Priority 

The Bureau of Electrical Study is of the opinion 
that these projects would play a predominant role in 
the economic development of Turkey, and should be 
given every possible priority. It is emphasized that 
when cheap and abundant power is available the 
demand rises progressively and the development of 
further power resources would become necessary in a 
relatively short time. Other potential sites, including 
the Euphrates river, are also being studied, where 
it is hoped that hydro-electric development is 
economically possible. 

It is suggested that, pending a nation-wide distri- 
bution system, small independent water wheel units 
conforming to standard designs might be supplied, 
which would provide lighting and power for equip- 
ment even among the smallest rural communities. 


Contractors’ Notes 


British Insulated Callender’s Cables Limited.—It 
has been decided to raise the maximum working 
temperature of silicone rubber insulated cables and 
wires to 150°C. These cables and wires may also be 
employed at temperatures considerably below freez- 
ing point. B.I.C.C. manufacture cables and flexibles, 
with this type of insulation, having conductor sizes 
to B.S.7. The principal reasons why silicone com- 
pounds possess remarkable temperature stability are 
the presence of the silicon atoms and the strength 
of the silicon-oxygen bond. Further, compared with 
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asbestos and glass as insulants for high temperatures, 
silicone rubber combines greater flexibility and re- 
sistance to moisture as well as the ability to with- 
stand continuously, without deteriorating, a much 
wider range of working temperatures. 

The Brush Electrical Engineering Company 
Limited.—The following orders for transformers to 
the value of approximately £225,000 have just been 
received :— 

For the Hydro-Electric Commission, Tasmania, 
nine 10,000 kVA single phase transformers to form 
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three 30 MVA, 3-phase, 50-cycles, 110/11 kV 
Star/Delta banks with H.V_ tappings controlled by 
“ Off-circuit ” tapping switch; and two 5,000 kVA 
transformers, 3-phase, 50-cycles, 110-88/22-11 kV 
Star/Star connected with Delta tertiary winding with 
H.V. tappings controlled by “ off-circuit” tapping 
switch. For the New South Wales Government Rail- 
ways four 10,000 kVA _ transformers, 3-phase, 
50 cycles, 66/11 kV Delta/Star connected with H.V. 
tappings controlled by fully automatic “ on-load ” 
tap-changing equipment. For the State Electricity 
Commission of Victoria, two hundred transformers 
from 25 kVA to 300 kVA, 3-phase, 50-cycles, 
6,600/415 volt and 22,000/415 volt weather proof 
pattern, Delta/Star connected with H.V. tappings 
controlled by “ off-circuit ” tapping switch. 

The Harland Engineering Company, Limited.— 
One half of a water turbine scroll casing recently left, 
with a second lorry bearing the other half, for the 
Grudie Bridge Power Station near Loch Fannich, 
one of the North of Scotland Hydro-Electric Board’s 
new stations. This unit is the first water turbine to 
be produced by the company since it was decided 
after the war to enter the field of manufacturing com- 
plete hydro-electric plant, including water turbines 


of Impulse, Francis and Kaplan types and, in the 
same works, the generators with which the turbines 
are associated. The Francis type water turbine for 
Grudie Bridge is a 17,300 h.p. unit. 

Orders have been received for a considerable 
number of water turbines and electric generators for 
the North of Scotland Hydro-Electric Board, and 
rapid progress is now being made in the production 
of this plant and similar equipment for oversea pro- 
jects. A new erecting bay at the works is at present 
being equipped with heavy machine tools and it is 
hoped that the extension will be completed during 
1949 so that the department can more easily cope 
with the work in hand. 

Consolidated Pneumatic Tool Company.—Portable 
power plant for all industries is being displayed at 
the Scottish Industries Exhibition now being held in 
Glasgow. Apart from being the largest manufacturers 
in the United Kingdom of both pneumatic and electric 
tools and plant, the output of the factory at Fraser- 
burgh is possibly the widest in range and variety in 
the industry. 

The equipment shown is representative of all the 
latest developments in the design and manufacture of 
portable power tools. These tools are the types in use 
throughout the world to-day, and large numbers are 
at present being employed for construction work on 
the Scottish hydro-electric schemes, notably portable 
air compressors, drifters, rock drills and pumps. 
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The expansion of their business interests in Sow 
Africa has resulted in the company opening up a ne 
production centre in Johannesburg. Mr. John Barclg 
has been appointed works manager of the new facie 
which will commence production before the end of th 
year. 

Mr. Barclay, an Aberdonian, was in charge of prg 
duction at the Fraserburgh works of the Consolidate 
Pneumatic Tool Company. He was first associate 

with the company in 19 
but left shortly afterwards tg 
seek his fortunes in Americ; 
where he was for some tim 
with the United States Steg 
Corporation of Lorain, Ohio 
At the outbreak of World 
War I. he returned to Scot: 
land, and in 1915 re-joined 
the company’s Fraserburgh 
works, where he served in alf 
departments and held the 
position of production super- 
intendent for many years. 


Mr. Barclay, 


The Westinghouse Electric International Company 
has entered into an agreement with the Government” 
of the East Punjab province in India for the design” 
and equipment of a hydro-electric power project on” 
the Sutle} River. Equipment for the project, which is” 
the largest undertaken since the new Indian Govern- 7 
ment was formed, will cost approximately $9 million.) 
Negotiations for the project have been under way ~ 
since 1945. 

The project will consist of two major waterwheel 7 
turbine-generator installations, designated Nangal I 
and Nangal II, six miles apart. Each will have two © 
33,500 horse power turbines and two 27,500 kVA, } 
50 cycle generators, producing power at 11,000 volts. © 
Step-up oil-cooled transformers will boost this to ~ 
132 kV, and three sub-stations will in turn feed the 7 
electrical power into the area’s distribution system. ~ 
The four turbines will operate from a head of 98 feet © 
of water formed by the damming of the Sutlej River. 7 
Each will use more than 3,000 cubic feet of water a 7 
second. q 

Equipment for the Nangal power project will take 7 
approximately three years to manufacture, with © 
Nangal I apparatus scheduled for shipment in two 
years. Westinghouse will provide key engineering staff ~ 
to supervise the erection of the plant, which was 
designed with the assistance of American and Indian | 
consulting engineers and American equipment manu- ~ 
facturers. ; 


A number of British manufacturers associated 
with hydro-electric projects are exhibiting in the 
Pavilion organised by the British Chamber of Com- 
merce at the Turkish International Fair which closes 
on September 20. 

The exhibits include alternators, electric motors, 
ball bearings, machine tools, batteries, valves and 
gauges, iron pipes, hand tools, steels, lubricating 
oils, scientific instruments, electric cables and wires, 
pneumatic tools, and compressors. 
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